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ABSTRACT

The isolation and structure elucidation of two 4,5-dihydrogermacranolides, 9-acetoxymelnerin A (32a) and B (33a), from
Melampodium leuaanthum Torr. and Gray are reported.

Sodium

borohydride reduction of 32a proceeds with, besides saturation of
the lactonic exocyclic methylene, loss of the C-9 acetoxy group
via migration of the 1(10) double bond to the 9,10 position.
Pyridinium chlorochromate oxidation of the C-15 primary alcohol
function provides the expected aldehyde as the minor product with
the major product being a ketone formed by a C-4 to C-15 shift of
C-5 of the ten-membered ring, resulting in an eleven-membered ring
skeleton.
The nucleophilic reactions of nine germacranolides
representative of the ois, cis-germacranolide, melampolide, and
leucantholide structural classes, commonly found in the genus
Melampodium, are described.

The c i s , cis-germacranolide melcanthin

A reacts with two equivalents of sodium ethoxide to form a
13-ethoxydilactone via allylic substitution of the C-9 acetoxy
group, saponification of the C-8 sidechain and subsequent 14,8lactonization.

The leucantholide cinerenin forms the identical

product via Michael addition of ethanol to the lactonic exocyclic
methylene.

Substitution of the C-l acetate function of the

leucantholide melampodin B occurs more readily than Michael

xiii

addition to the lactonic exocyclic methylene.

In the case of

cinerenin Michael addition proceeds more rapidly than substitution
of the C-l ethoxy group.

The results are consistent with an S^2'

reaction mechanism for the reaction of ois, eis-germacranolides with
alkoxides and either an S^l or, more likely, a double S^2' mechanism
for the corresponding reaction of leucantholides.

The in vitro

conversion of o i s , cis-germacranolides into leucantholide-13-alkoxide
adducts provides experimental evidence for the proposed biogenetic
relationship between the two structural types.
Melampolides are considerably more resistant to S^2'
reaction with alkoxide nucleophiles than ois, cis-germacranolides.
Tetrahelin B reacts with sodium methoxide to give a 10:1 ratio of
saponification product 87 to dilactone 88.

This difference in

reactivity is interpreted as the inherent structural preference for
a 1,5 or 1,6-ois, trans arrangement of double bonds in the cyclodecadienolide skeleton over a 1,5-ois, ois or 1,6-trans, trans
arrangement .
The structure elucidation of melrosin A, a new ois, oisgermacranolide from Melampodium rosei Robins., is reported.

The

reactions of melrosin A and the previously reported melcanthin B
with sodium methoxide produce the same dilactone-13-alkoxide adduct
suggesting that the two compounds differ by the sidechains at the
C-8 and C-9 positions.

Catalytic reduction of melrosin A proceeds

with the unexpected hydrogenolysis of the C-15 hydroxyl group

besides reduction of the lactonic exocyclic methylene and conversion
of the acrylate sidechains to isobutyrates.
The CD data of over fifty sesquiterpene lactones including
germacranolides isolated from the genus Melampod'ium, their
derivatives, and related compounds are listed according to the
structural variations presented.

Each naturally occurring skeletal

type exhibits a characteristic CD pattern providing the basis for
empirical correlations.

The major bands observed for melampolides

are attributed to the a,$-unsaturated carbomethoxy chromophore.
In the case of the other structural types the results are less clear.
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Chapter 1
INTRODUCTION

1

2

1.1

Position of Sesquiterpene Lactones Among Terpenes
The terpenes represent perhaps the largest family of

naturally occurring organic compounds.1

Oligomers and polymers of

the five-carbon "prenyl" unit (1), they form a class of unlimited

prenyl

pyrophosphate

numbers in terms of both size and structural diversity.

Table 1-1

summarizes the various structural types of terpenes based on the
number of carbon atoms in the skeleton.

Table 1-1.

Classification of Terpenes
by Carbon Number

Name
hemiterpenes
monoterpenes
sesquiterpenes
diterpenes
sesterterpenes
triterpenes
polyterpenes

Number of carbons

C5
C10
C15
C20
C25
C30
< V n

3

The monoterpenes are among the longest known and best
investigated organic compounds because of their practical importance
as flavoring agents and fragrances, and because of their ease of
isolation by distillation.

Investigations of monoterpenes near the

turn of the nineteenth century and in the early twentieth century
were carried out by such celebrated organic chemists as Baeyer,
Perkin, Wallach, Meerwein, and Bredt, men whose contributions form
the basis for a considerable body of fundamental knowledge in
organic chemistry.

Present day investigations involve the solutions

to questions of stereochemistry, novel chemical transformations,
improved methods of synthesis, and the pioneering work of isolation
and structure elucidation of higher terpenes

•

Sesquiterpene lactones are C^,. compounds which typically
contain an a-methylene-y-lactone moiety (2).

Their occurrence is

I

restricted to certain families and genera
mainly the Compositae and Magnoliacea.

of

the plant kindgom,

This feature makes them

useful markers in biochemical systematics studies.2

Adding to their

usefulness in that regard is the fact that most sesquiterpene
lactones fall into easily defined structural types which because of

4

their genetically controlled formation represent genetic
distinctions in the plants that produce them.
The broad spectrum of biological activities exhibited by
many sesquiterpene lactones has also been a prime factor in the
drive to isolate and characterize new members.3

Antineoplastic

compounds such as vernolepin (3) have also been the objects of
several synthetic attempts which have introduced new interesting
methodology to the field of organic synthesis.4

.OH

Two comprehensive publications have appeared which cover
much of the present knowledge about sesquiterpene lactones.

Mabry

and coworkers5 have discussed the NMR and plant distribution of
sesquiterpene lactones, while Fischer, Olivier, and Fischer5 have
compiled a comprehensive monograph which lists the compounds reported
through 1978 and describes their chemistry and biogenesis.

1.2

Major Structural Types of Sesquiterpene Lactones
The principal structural feature which identifies a sesqui

terpene lactone is that its skeleton be traceable biogenetically to
a fifteen-carbon isoprenoid precursor.

Scheme 1-1 illustrates the

transformation of such a precursor, trans, trans-farnesyl

tran s, tran s-farn esy l pyrophosphate

V

14

3
13

germacranolide

14

7
HO
13

eudesmanolide

guaianoiide
14

9

3

(S/
13

pseudoguaianolide

Scheme 1-1.

Biogenesis of the major structural types of sesqui
terpene lactones.

6

pyrophosphate (4), into the major structural types encountered in
nature.

These subclasses account for nearly three-fourths of the

more than one thousand sesquiterpene lactones isolated to date.
Several structural features are common in most sesquiterpene
lactones.

As indicated in Scheme 1-1 many compounds possess medium

ring skeletons with a 12,6- or 12.8-y-lactone in which C-7 serves
as the 6-ring carbon of the lactone.
y-lactones are shown.

In Scheme 1-1 only the 12,6-

In the germacranolides (4) the biogenetic

locations of the internal double bonds are the 1(10) and 4,5
positions.

These double bonds are principally involved in the

skeletal rearrangements which re
types 7 to 9.

.It in the different structural

Such rearrangements are often associated with

particular patterns of oxygenation as a result of the addition of
water or loss of a proton from intermediate carbocations.
Frequently, biogenetic epoxidation products represent intermediates
in the rearrangements.

Many interconversions of the various

structural types have been demonstrated in the laboratory.

For

example acid catalyzed cyclization of dihydroparthenolide (10)
produced the guaianolide 12 (Scheme 1-2),

Alternatively addition of

water to the intermediate carbocation y. and subsequent loss of a
proton would produce the cis-fused diol y .
Oxygenation that is not a result of cyclization occurs most
frequently at C-6, C-8, and C-9 respectively.

Allylic activation

seems to play a major role in the oxidation pattern of germa
cranolides

(5).

Germacrene B (iA) has been proposed as a possible

7

OH

13

12

Scheme 1-2.

Cyclization of dihydroparthenolide.

OCU

14 g e r m a c r e n e

B

8

precursor since in 14 all saturated carbons are allylic, and the
C-6 position is doubly allylic, which might explain the high
frequency of oxidation at this carbon center.6

Despite the large

number of compounds isolated the biosynthesis of sesquiterpene
lactones remains largely speculative.

1.3

Germacranolides
The germacranolides comprise the single largest group of

sesquiterpene lactones.

They are biogenetically the most primitive

and are generally considered to be the precursors of the other
structural types.

This is supported by their wide occurrence and

by in vitro experiments demonstrating their conversion into the
other structural types in the manner demonstrated in Scheme 1-2.
Structurally the germacranolides are cyclodecadienolides,
and with respect to the medium ring double bonds four subgroups are
possible and have been found as natural products.

The four

configurational isomers along with their conformational
representations are shown in Figure 1-1.

The names used for the

four germacranolide subgroups8 have been generally accepted and
refer strictly to compounds which retain double bonds in the
biogenetic 1(10) and 4,5 positions.

Compounds which do not hold to

that requirement should be referred to simply as germacranolides.8
Of the four subgroups,
been reported only recently.9

the ois3 cis-germacranolides have
While the conformations shown for

the first three subgroups have been demonstrated by X-ray analysis,6

9

15.
germ acroiide

16

17
melampolide

19
heiiangolide

20

21
cisgerm acranolide
CIS,

Figure 1-1.

22

Four subgroups of gerraacranolides.

no X-ray structure for a cis, cis-germacranolide has yet been
reported.

Conformation 22 is based on biogenetic correlations with

melampodin B (23) , the X-ray structure of which has been
established.10

Evidence for this particular relationship forms

the basis of the discussion presented in Chapter 3 of this
dissertation.

10

23

melampodin

B

Whether those germacranolides containing cis-double bonds
in the biogenetic positions are formed via ois-farnesyl precursors
or by modification of germacrolide precursors has yet to be
determined.

It is of interest to note however that oxidation of

the C-14 and C-15 positions occurs to a large extent in these
compounds.

It has therefore been suggested that oxidation of the

methyl groups is associated with double bond isomerization.6

1.4

Methods of Structure Determination
Structure identifications of sesquiterpene lactones are

based primarily on the various spectral characteristics exhibited
by the isolated compounds and their derivatives.
nuclear magnetic resonance

These include

(NMR), infrared (IR), and mass

spectroscopy (MS) as well as optical rotation and circular dichroism
(CD).

In addition chemical and biogenetic relationships between new

isolates and compounds of known structure are often considered.
Finally structures are determined unambiguously by exact methods
such as single crystal X-ray analysis and neutron diffraction.
An example of the importance of the last two methods
involves the question of the orientation of the 7,11 bond which
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constitutes part of the lactone ring.

The cyclization of trans,

trans-farnesyl pyrophosphate (4) depicted in Scheme 1-1 shows the
"head" of the precursor in a position which becomes ultimately
equatorial in the cyclized product.

This is both pleasing in

terms of energy considerations and also supported by X-ray data.
As of this writing over thirty-five structures of germacranolides
determined by exact methods have been reported in the literature,6
and in every case the 7,11-bond has been shown to have a pseudoequitorial orientation.
have been established,

For those cases where exact configurations
the 7,11-bond has always been found to be

3-oriented as illustrated in the conformational drawings of
Figure 1-1.

Based on this evidence most structure elucidations not

involving exact methods proceed with the assumption of a gorientation of the 7,11-bond.
Sesquiterpene lactones are most frequently identified by
NMR spectroscopy.

The vinylic protons of the lactonic exocyclic

methylene group absorb in the 5.5-6.5 ppm region.
typically appear as a pair of doublets
coupling with H-7.11

The signals

(J = 1-4 Hz) due to allylic

Noticeable geminal coupling between the

exocyclic methylene protons is usually associated with the presence
of an a-oxygen function at the C-8 position (for 7,6-lactones, the
reverse being true for 7,8-lactones). 12

Irradiation of the H-7

signal (usually at 2.5-3.5 ppm) causes collapse of the lactonic
methylene signals and at the same time exposes the signals for H-8
and H-6.

In this way the easily recognized H-13 signals are used

12

to identify H-7, and by extension, through decoupling experiments,
a sequence of bonding such as that in 24 may be identified.

The fragment required to complete the medium ring must then be
determined from the remaining signals.

The complexity of the

sidechains will affect the appearance of the spectrum, and signals
for those protons must also be accounted for.

The relative

configurations of the various ring protons may be assessed by
using coupling constants to determine whether the corresponding
interactions are axial-axial, axial-equatorial, or diequatorial in
orientation.

Since in many cases the protons are only approximately

axial or equatorial the Karplus relationship13 is usually invoked.
Protons geminal to hydroxyl groups are identified by the
paramagnetic shift observed in the NMR spectra of acetylation
products.

When C-14 or C-15 contain hydroxyl groups the NMR

spectra of their oxidation products are useful in defining the
configurations of the double bonds to which they are attached.

An

example of this is the melampolide 26 obtained from the oxidation
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acanthospermal A ( 2 5 ) . It has been found in many instances that
protons of aldehydes conjugated with eis ring double bonds absorb

( 9 .4 5 ppm)

(9.48ppm )

MnOg

HO'
(I0.22ppm)
26

25

R = A c e ta te , R ,= 2"M ethylbutyrate

at about 9.5 ppm, while protons of aldehydes conjugated with trans
ring double bonds appear near 10 ppm.
In the case of melampolides the NMR spectrum is very
characteristic.

The methyl group of the C-10 carbomethoxy

function absorbs near 3.75 ppm, and the ois nature of the 1(10)double bond is signaled by the chemical shift of H-l, about
7.0

ppm.

For compounds in which no oxidation is observed at C-14

or C-15 nuclear Overhouser studies may assist in determining the
double bond configuration.15
The use of

13

CMR spectroscopy in the structure elucidation

of sesquiterpene lactones is rapidly increasing.

Generally the

combination of proton noise decoupled and off-resonance decoupled
spectra provide sufficient information to identify the number and
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types of carbon atoms in the molecule as well as the number of
protons attached to each.16
Mass spectroscopy commands a position of extreme importance
in sesquiterpene lactone structure elucidation.

Scheme 1-3 shows

some of the fragments observed in the decomposition of melcanthin B
(2J).9

The identification of ester sidechains is often facilitated

by the occurrence of major peaks corresponding to their
acylium ions.

The sequential loss of sidechains as acids, carboxy

radicals, and ketenes

(by McLafferty rearrangement) provides a

strong basis for the formulation of a molecular ion.

This is

important since due to their multiple functionality and ease of
fragmentation many sesquiterpene lactones exhibit only weak
molecular ions or none at all.

Fragments of the medium ring may

be helpful in establishing the exact placement of the sidechains.
Thus fragment 28 of Scheme 1-3 provides evidence for the placement
of acetate at the 9-position in melcanthin B.

The use of deuterium

exchange labeling in that example established the identity of
fragment 28 unambiguously.9

Often additional information are

obtained about alcohols from the mass spectra of their acetates and
d^-acetates.17
One of the more recent developments in the isolation and
structure elucidation of sesquiterpene lactones has been the
preparation of trimethylsilyl derivatives for separation-analysis by
GCMS.18,19

This method is useful in many cases of cooccurring

sidechain homologues which are difficult to separate by adsorption

m/e = 4 4 6

melcanthin B m/e^=464

-HOAc
4

" "

®0=C—CH3 J H /e = 4 3

0=C'

m/e = 83
m/e = 3 8 6
m/e

0
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.

+
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(D)

2ch3
OAc

H O,

?S

m/e r 174 (175)

Scheme 1-3.

H

m/e = 286
Melcanthin B mass spectral fragments.
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chromatography.

The use of this technique is included in the

structure elucidations reported in Chapter 2 of this dissertation.
Infrared bands which indicate the presence of a sesqui
terpene lactone include the a,g-unsaturated-y-lactone carbonyl
stretching frequency (1740-1770 cm ^ ) , various saturated
(1735-1750 cm

and unsaturated (1715-1730 cm

ester carbonyl

frequencies, a lactonic exocyclic methylene double bond stretch
(1640-1680 cm

, and various C-0 stretches (1000-1250 cm

.

The

assignment of these bands may be confirmed by the preparation of the
11,13-dihydro-derivative and comparison of its IR spectrum with that
of the parent compound.20
Sesquiterpene lactones normally exhibit appreciable
absorption only at short wavelengths

(<220 n m ) , limiting the useful

ness of this technique in their structure elucidation.

Most

sesquiterpene lactones are insoluble in hydrocarbon solvents which
explains why UV spectra are often measured in alcoholic solvents.
The UV cutoff of methanol is near 205 nm, a fact that severely
limits the reliability of absorption data at this low wavelength.
Germacrolides generally exhibit an absorption maximum
between 210 and 220 nm.

This wavelength region is too long for

isloated double bonds, and the effect has been attributed to a
transannular interaction of the
double bonds as in 29.21

it

orbitals of the 1(10) and 4,5-

This effect has not been reported for the

other three structural types of germacranolides.
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Chiroptical methods including specific rotation, optical
rotatory dispersion (ORD), and circular dichroism (CD) have been
applied to various stereochemical problems involving sesquiterpene
lactones.22-24

The Cotton effects exhibited in the CD spectra

have been used to determine the type of lactone ring fusion as well
as the medium ring conformation.

The application of circular

dichroism to stereochemical problems in the structure elucidation of
germacranolides forms the body of discussion in the final chapter of
this dissertation.

Chapter 2
THE ISOLATION, STRUCTURE ELUCIDATION, AND CHEMISTRY OF
TWO 4,5-DIHYDROGERMACRANOLIDES FROM M. LEUCANTHEM

18
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2.1

Introduction
The genus Melampodium is a tropical and subtropical genus

generally spread over Mexico and Central America with four species
located in the southwestern United States and three species
scattered over Columbia and Brazil.

According to the classifi

cation of Stuessy25 the genus is divided into 37 species.
these M.

Of

leuaanthum, M. oineveum, and M. argophyllum comprise the

white-rayed complex, those with white flowers.

The other 34

species form the yellow-rayed complex which typically have yellow
flower petals.

To date about a dozen species of Melampodium have

been investigated chemically yielding over 40 sesquiterpene
lactones, all representing germacranolides of the various structural
types shown in Figure 2-1.

Table 2-1 lists those species that have

been examined along with the numbers and structural types of
compounds exhibited by each taxon.26
The Table illustrates the usefulness of sesquiterpene
lactone investigations as applied to plant classification.

The

presence or absence of a particular structural type is noted as a
character and considered along with morphological and cytological
characters.

Of significance in this example it may be seen that

ois, ois-germacranolides
dihydrogermacranolides
Leucantha,

(21), leucantholides

(31), and 4,5-

(30) occur predominately in Series

the white-rayed complex.

More recently ois, ois-

germacranolides have been found to be the major constituents of
M. vosei.27
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15

germ acrolide

17

melampolide

19

heliangolide

21

gi§, c|§ -

germacranolide

30

Figure 2-1.

4 , 5 - dihydro germacranolide

31

leucantholide

Structural types of germacranolides occurring
in the genus Melampodium.
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Table 2-1.

Sesquiterpene Lactones Isolated

3. b

from the Genus Melampodium *

Species

GG

No . of Cpds. and Structural Type
GL
GM
GH
GC
GD

Series Melampodium
M. amevieanum L .

1

5

M. diffusum Cass.

1

1

M.

longipes

M.

linearilobum DC.

2

(A. Gray)
Robins.

M. pilosum Stuessy

7

2

under investigation

Series Leucantha
3

M. argophyllum
(A. Gray, Ex. Robins.) Blake.
M. oineveum D C .
6

M. leueanthum
Torr. and A. Gray.

1

3

2

3

1

3

Series Longipila
M.

2

longipilum Robins.

Section Alcina (Cav.) DC.
1

M. perfoliatum Cav. H.B.K.
Other Species
M. gvaoile Less.

no lactones

•c
M. vose%
Robins.

3

aTaken from Table 7 of ref. 26.
^Structural types from Figure 2-1, designated as follows:
germacrolides (GG), melampolides (GM), heliangolides (GH), 4,5-dihydrogermacranolides (GD), leucantholides (GL).
cReference 27.
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It may be considered as a general rule that the occurrence
of a compound in a plant can be established with certainty, while
its absence cannot.

That is, it can always be argued that compounds

not found may simply exist in amounts too low for detection.
addition,

In

the age of a plant and environmental factors probably

play an important role in the appearance of compounds at certain
stages of growth in the plant's life cycle.

For this reason it is

important in a biochemical systematic study to examine several
populations of a particular species which represent a good
distribution of ages and geographical locations.

Furthermore,

improvements in analytical techniques often make reexamination of
a species a worthwhile undertaking.

Early reports on sesquiterpene

lactones involved compounds which occurred in gram amounts, based on
one kilogram of dried plant material, and crystallized from the
crude syrup.

In more recent years it is not unusual to find

reports of only a few milligrams of substance, or less, fully
characterized.
It was such a reinvestigation of a population of M.
leuoanthum from Chaves County, New Mexico which led to the discovery
of two 4,5-dihydrogermacranolides, 9-acetoxymelnerin A (32a) and
9-acetoxymelnerin B (33a).

The techniques employed in the

isolation and structure elucidation of those two compounds are
discussed below.
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2.2

Isolation of 9-Acetoxymelnerin A and 9-Acetoxymelnerin B
The dried and ground plant material was extracted according

to the general procedure outlined in Scheme 2-1.

The crude syrup

obtained exhibited the NMR spectrum shown in Figure 2-2 which
includes signals for vinylic protons

(5.5-7.5 ppm) belonging to an

a,6-unsaturated carbonyl system, carbomethoxy groups
acetates and vinylic methyl groups

(3.5-4.0 ppm),

(1.75-2.25 ppm), and various

methyl groups attached to saturated carbons (1.0-1.5 ppm).
The syrup was next examined by thin layer chromatography to
determine the approximate number of components and to find a
suitable solvent system for separation by column chromatography.
This separation was carried out as described in the experimental
section and provided ultimately the eight compounds shown in
Figure 2-3.

Of these eight six have been previously reported,9 *28-31

while two, 32a and 33a, are described here.

It is worthwhile to

note the structural features of the isolated compounds in relation
to the NMR spectral absorptions pointed out above for the crude
syrup.

2.3

The Structure of 9-Acetoxymelnerin A (32a)
9-Acetoxymelnerin A (3j2a) C 22H 30°9’ a c°l°rless crystalline

solid, mp 149-150°, showed an IR absorbance at 3500 cm ^ (-0H) plus
several overlapping carbonyl peaks including 1760 cm ^ (a, (3unsaturated-y-lactone) and 1745 cm ^ (acetate).

Further

absorptions indicated the presence of double bonds

(1660 and
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DRY PLANT MATERIAL (1 Kg)

CHCL3 (60

CRUDE EXTRACT

Et OH (20

PLANT FATS(PPT)

+

TERPENOID SOLUTION

2£-5% Pb( O A c )2
TERPENOID SOLUTION

+

PHENOLICS, CHLOROPHYL(PPT)

REMOVE Et OH in vacuo
OIL + WATER MIXTURE

3x400m£ CHC l ^
FILTER AND EVAPORATE
CRUDE SYRUP (l-20g)

Scheme 2-1.

Sesquiterpene lactone extraction procedure.

Figure 2-2.

100 MHz

tl-NMR spectrum of a crude extract from M. leucanthum.

(Coll. #SM-3538, Chaves Co., New Mexico)
(CDC13 , 30°C)
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C 0 2 CH3

melampodin A a c e ta te

34

leucanthin B 3 5

c o

f

OAc

2c h 3
.O A c

Q

H
melampolidin

36

HO-

melcanthin

A 37

HO— ‘

melampodin B
R* Acetate

^3,

9-acetoxym elnerin A 3 2 a
R “ isobutyrate

melampodin C
R “ isobutyrate

38

9-acetoxym elnerin B
R «2-m ethylbutyrate

Figure 2-3.

3^a

Compounds isolated from Melampodium leuaanthum
(SM-3538).
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1640 cm ■*"), and overlapping signals at various C-0 stretching
frequencies

(1260, 1230, 1220, 1060, 1040 cm ^ ) .

The ambient temperature ^H-NMR spectrum (Figure 2-4) of
32a showed only broadened absorptions.

This indicated that the

sample contained either a mixture of compounds or represented more
than one conformer at room temperature.

The latter possibility

was confirmed by the spectrum produced at 60° which exhibited much
sharper signals allowing detailed decoupling experiments, the
results of which are summarized in Table 2-2.
The NMR data suggested a sesquiterpene lactone and
exhibited great similarities with the 4,5-dihydrogermacranolide
melnerin A (39).18

Two doublets assigned to protons of a lactonic

39
1

■

#

^

m e ln erin A

/

/

H(

exocyclic methylene appeared at 5.48 ppm (J - 2 Hz) and 6.18 ppm
(J = 2 H z ) .

A three-proton singlet characteristic of a carbo-

methoxyl methyl was present at 3.77 ppm.

These signals together

with the most downfield absorption, a one-proton doublet of doublets
at 6.89 ppm (J = 8.9, 8.9 Hz) indicated a 1,10-eis-germacranolide
with a C— 10 oxidized to a carbomethoxy group, a feature common to
the melampolides and ois, ois-germacranolides.

Figure 2-4.

100 MHz ^H-NMR spectrum of 9-acetoxymelnerin A (32a - 44)
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The presence of two side chains in 32a was evident in the
M R

spectrum; absorptions typical of acetate (1.89 ppm, 3 H, s) and

isobutyrate (1.05 ppm, 3 H, d, J = 7 Hz; 1.08 ppm, 3 H, d, J = 7 Hz;
2.40 ppm, 1 H, heptet, J = 7 Hz) were observed.

The mass spectrum

of 32a verified the above NMR assignments showing strong peaks at
m/e 43 (CH^-C=0+ ) and m/e 71 [(CH^)2CH-C=0+ ].

The absence of a

C-4 vinyl methyl near 2 ppm together with the presence of a
broadened two-proton doublet at 3.30 ppm (J = 5.5 Hz) suggested that
C-15 must be present as a CH^OH group, and that 32a contained a
saturated C-4, C-5 bond.

Acetylation produced a single product,

40, whose NMR spectrum (Table 2-2) showed two acetate absorptions
and, in contrast to the broadened C ^ - O H resonance in 32a, a
sharper two-proton abosrption at 3.71 ppm.

This established the

presence of an OH group at C-15 in 9-acetoxymelnerin A.
Four NMR signals remained to be assigned for 32a.

A

multiplet at 3.08 ppm was attributed to H-7 in that irradiation at
this position caused the collapse of the two lactonic methylene
doublets.

Two other signals which must correspond to H-6 and H-8

were also affected.

A broad multiplet at 4.94 ppm (1 H) sharpened,

distinctly, but still remained broad, and a doublet of doublets
centered at 5.63 ppm (1 H, J = 2.2, 3.5 Hz) was transformed into a
doublet

(J = 3.5 Hz).

The assignments of the above resonances

were derived as follows.

Irradiation of the doublet of doublets at

5.63 ppm affected a signal at 6.27 ppm (1 H ) , changing it from a
broad doublet to a broad singlet.

This latter signal was assigned
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to H-9 on the basis of its allylic coupling with H-l whose
irradiation produced a sharpening of the H-9 doublet.
decoupling experiments confirmed the assignments.

Reciprocal

Based on the

above results the signals at 4.94 ppm and 5.63 ppm were assigned to
H-6 and H-8, respectively.

In addition, the fact that the signals

for H-6 and H-9 show a large degree of temperature dependence
indicates that they are attached to centers of conformational
flexibility.

This is borne out by examination of molecular models.

The stereochemistry at positions 4 and 9 are reflective of
whether the precursor to 32a is a melampolide or a ois, oisgermacranolide.

Assuming the transition state conformations in a

bioreduction to be those depicted in Scheme 2-2 for 41 and 43, then
the 4,5-dihydroproducts 42 and 44 would have opposite configurations
at carbons 4 and 9.
Recent X-ray investigations18 of melnerin A (39) have
indicated that it adopts conformation 42 in the solid state.
would suggest its biogenetic melampolide origin.

This

Because of the

similarity between melnerin A and 9-acetoxymelnerin A it seems only
natural to suggest that the latter is also melampolide derived.
However one subtle feature of the NMR spectrum of 32a disputes this
assertion.

The H-8,9 coupling constant in 32a is only 3.5 Hz.

Melampolides typically shown an H-8,9 coupling of about 10 Hz.
Melnerin A exhibits among its H-8 couplings an H-8,9 coupling of
10.5 H z . 19

In contrast ois, ois-germacranolides usually exhibit an

H-8,9 coupling of about 5 Hz or less.9

This strongly suggests that

31

melampolide 41
R = C02CH3

(4JS, 9S)-9-acetoxymelnerin A (42)
R = C02CH3

R' = isobutyrate

R* = isobutyrate

CO2CH3

HO

ois3 cis-germacranolide 43
R = acetate
R 1 = isobutyrate

Scheme 2-2.

(4R, 9R)-9-acetoxymelnerin A (44)
R = acetate
R' = isobutyrate

Possible formation of 9-acetoxymelnerin A.
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9-acetoxymelnerin is ois, ois-germacranolide derived.

In addition

the results of sodium borohydride reduction of 32a, presented in
the next section, show a similarity in its behavior toward
nucleophiles with that of o i s , cis-germacranolides as described in
Chapter 3 of this dissertation.
Further comments with regard to the stereochemistry of the
lactone ring are appropriate at this point.
is presupposed on biogenetic grounds.32

The H-7a configuration

Of the nearly 300

germacranolides isolated to date none have been found which violate
this principle.

Neither has any sesquiterpene lactone of any type

from higher plants been shown by exact methods
dispute this.

(e. g. X-ray)

to

The C-6a orientation of the lactone oxygen is

further supported by CD results.

In common with melnerin A,

melampolides, and ois, cis-germacranolides 32a exhibits a small
positive Cotton effect at 249 nm ([0 ] = +9800) and a large negative
band at 213 nm ([0 ] = -98,900).
assigned to the n ->

*

it

The former transition has been

+
transition of a-methylene-y-lactones, while

the assignment of the negative band remains ambiguous.

Neverthe

less the empirical correlation remains valid.
It is with these considerations in mind that 32a (= 44) is
proposed as the structure of 9-acetoxymelnerin A.

Evidence for

the attachment of the sidechains is presented below.

The application of circular dichroism in the structure
elucidation of sesquiterpene lactones forms the basis of discussion
for Chapter 4 of this dissertation.
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2.4

Sodium Borohydride Reduction of 9-Acetoxymelnerin A
Reduction of 32a using sodium borohydride produced a

complex mixture from which were isolated two components identified
as the C-ll epimers 45 and 46 (Scheme 2-3).

The NMR spectra of

HQ— '

HO— *

32a

Scheme 2-3.

45 + 46

NaBH^ reduction of 9-acetoxymelnerin A.

compounds 45 and 46 (Figures 2-5 and 2-6) indicated the loss of the^
acetoxy moiety and a shift of H-9 from 6.15 ppm in 32a to 6.61 ppm
and 6.60 ppm in 45 and 46, respectively.

Detailed NMR decouplings

suggested a double bond shift from the 1(10) to the 9,10 position
in the medium rings accompanied by loss of the acetoxy group at
C-9.

The transformation apparently results from an S^2' displace

ment of the C-9 acetate by attack of hydride at the C-l position in
addition to the reduction of the lactonic exocyclic methylene group.
Differentiation between the C-ll epimers 45 and 46 was tentatively
made on the basis of the chemical shifts of the protons at positions
6, 7, 8, and 11, as well as the comparison of observed coupling
constants with those predicted by examination of Dreiding models.

Figure 2-5.

200 MHz ^H-NMR spectrum of 4£„
(C6D6, 55°C)
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Figure 2-6.
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The solvent shifts method33 for the distinction between C-llaH and
C-113H failed in that the shift values changing from CDCl- to C,D,
J
DO
were nearly the same for the two epimers which might be expected
due to the conformational flexibility of the ten-membered ring.
The NMR data are listed in Table 2-3.
It should be pointed out that 45 and 46 bear a resemblance
to sesquiterpene dilactones of the type represented by melampodin B
(23), which co-occurs with 32a in M.

leucanthum and is also found in

the two other species of the white-rayed complex.
The above reductive S^2' reduction represents a modification
which might simulate the biological formation of melampodin B-type
dilactones from melampolides, 3Lf or more likely from the ais, oisgermacranolides, represented by the transformation of melcanthin A
(37) into melampodin B (23), as outlined in Scheme 2-4.

2.5

9-Acetoxymelnerin B
The use of trimethylsilated derivatives for GC-MS analysis

has been of great benefit in the field of steriods.35

Recently the

utility of this technique has been demonstrated with sesquiterpene
lactones.18

Briefly stated the replacement of a hydroxyl proton

with the trimethylsilyl group (TMSi) eliminates hydrogen bonding,
interferes with molecular packing, and consequently increases a
compound's volatility.

The silylation reagent of choice for

sesquiterpene lactones seems to be bis-trimethylsilyltrifluoroacetamide (BSTFA, 47).

37

HO

Ac<J

23

Scheme 2-4.

Possible biosynthesis of melampodin B (23).

0 —Si Me*
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GC-MS analysis of trimethylsilylated derivatives prepared
from crude crystalline samples of 9-acetoxymelnerin A (32a)
indicated the presence of a second component which differed in its
molecular weight by 14 mass units and produced a base peak at mle
85, which is characteristic of the a-methylbutyrate acylium ion
.

Other MS peaks occurred at mle values which

also differed from 32a by 14 mass units.

The only differences in

the mass spectral patterns of the two compounds were therefore
attributed to a difference in the side chains, a-methylbutyrate vs
isobutryate.

This conclusion was further supported by a similar

analysis of TMSi-d^ derivatives.

The second compound was named

therefore 9-acetoxymelnerin B (33a).

For convenient reference 32a

and 33a and their TMSi-derivatives are listed below in Figure 2-7.

R1

Figure 2-7.

R2

32a

i-But

H

32b

i-But

TMSi

3.2c

i-But

TMSi-d

33a

a-Mebut

H

33b

a-Mebut

TMSi

33c

a-Mebut

TMSi-d

9-Acetoxymelnerin A, 9-Acetoxymelnerin B, and TMSiderivatives.
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The mass spectral data of these compounds (32a-33c) are given in
Table 2-5.
Separation (Figure 2-8) of the mixture of 32a and 33a by
reverse-phase high pressure liquid chromatography (HPLC) using
methanol-water as eluant provided pure 9-acetoxymelnerin B which was
used for physical measurements.

The NMR data for 33a, which are

summarized in Table 2-2 together with those of 9-acetoxymelnerin A,
were obtained by detailed decoupling experiments as previously
outlined for 32a.

The ^H-NMR spectrum of 33a is presented in

Figure 2-9.
A third component of the mixture was found to be
melcanthin A (37).

This compound has already been mentioned as a

likely precursor to the melampodin B-type dilactones
2-4).

(see Scheme

Melcanthin A and 9-acetoxymelnerin B differ by only four

hydrogens, and it appears quite reasonable to consider melcanthin A
a likely biogenetic precursor of 9-acetoxymelnerin B.

2.6

PCC Oxidation of 9-Acetoxymelnerin A
As expected, 9-acetoxymelnerin A (32a) resisted Mn02

oxidation.

Oxidation by pyridinum chlorochromate (PCC), however,

resulted in the formation of a mixture of carbonyl derivatives.
The structure of the expected aldehyde 48, which was formed as the
minor product, was established by N M R (Table 2-4) and mass
spectral analysis and gave IR absorptions (2880, 2730 and
1725 cm ^) typical for aldehydes.

The second and major oxidation

Figure 2-8.

HPLC of the 9-acetoxymelnerin mixture
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product, a crystalline compound with the same molecular weight as
the aldehyde 48, exhibited an IR carbonyl absorption at 1715 cm- "*but no aldehydic proton signal in the NMR spectrum, suggesting a
ketone function in the molecule.

The NMR spectrum (Figure 2-10) of

the new compound showed signals similar to the starting alcohol 32a
except that the C-15 methylene absorption was missing in the ketone.
Instead, two new resonances appeared, a broadened doublet at 2.21
ppm (1 H, J - 11.9 Hz) and a doublet of a doublet at 2.87 ppm
(1 H, J = 4.5, 11.9 Hz).

Decoupling experiments involving

irradiations at the H-7 and H-6 signals established that the
two new signals represented the C-5 protons apparently adjacent to
a carbonyl group.

This strongly suggested that the oxidation of

32a involves a migration of C-5 from C-4 to C-15 to give ketone 49.
The results are summarized in Table 2-4.
The mechanism of oxidation of alcohols by PCC was proposed
to most likely involve cationic intermediates.36

As shown in

Scheme 2-5, decomposition of the initially formed chromate ester
50 would lead directly to the expected aldehyde 48.

Alternatively,

migration of C-5 from C-4 to C-15 of the carbocation 51 would result
in intermediate 52 which after loss of a proton from C-15 would
provide the enol 53 and finally ketone 49.

A ketone resulting

from C-3 migration was not observed suggesting a conformationally
dictated transition state which might favor C-4 migration.

Since

in the case of melnerin A (39), PCC oxidation produced the aldehyde
54 as the main product and ketone 55 as the minor product the ester

Figure 2-10.

100 MHz ^H-NMR spectrum of the oxidation
product of 9-acetoxymelnerin A
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o cr
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Scheme 2-5.

PCC oxidation of 9-acetoxymelnerin A.

HCI
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1
a
H-NMR Data of 9-Acetoxymelnerin A (32a)
and Related Compounds

Table 2-2.

H-l

32ab -c

3Ja<1

40 6

7.01 [6.89]
dd (8.9, 8.9)

6.82
dd (8.9, 8.9)

6.79
dd (8.9, 8.9)

H-6

4.95

[4.94]
brm

4.96
brm

4.82
brm

H-7

3.20

[3.08]
brm

2.89
brm

2.90
brm

H-8

5.51 [5.63]
dd (2.2, 3.5)

5.70
dd (2.0, 3.5)

5.69
dd (2.1, 3.5)

H-9

6.15 [6.27]
brd (3.5)

6.23
brd (3.5)

6.25
brd (3.5)

H-13a

5.72 [5.48]
d (2.0)

5.32
d (2.0)

5.36
d (2.0)

H-l 3b

6.26 [6.18]
d (2.0)

6.19
d (2.0)

6.18
d (2.2)

H-15

3.47 [3.30]
brs (5.5)

3.03
brd (5.7)

3.71
brd (6.0)

Ac

2.10

[1.89]

1.79

1.80, 1.77

C02Me

3.77

[3.57]

3.48

3.49

H-2'

2.46 [2.43]
hept (7.0)

2.0 - 2.5
mob

2.38
mob

2'-Me

1.06 [1.05]
d (7.0)

1.05
d (7.0)

1.04
d (7.0)
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Table 2-2 continued

32ab,C

33ad

2'- M e 1

1.09 [1.08]
d (7.0)

Miscel
laneous

_ —_

40e

1.07
d (7.0)
3'- M e : 0.85
5 (7.0)

__

Spectra were run using TMS as an internal standard.
Values are recorded in ppm relative to TMS.
Singlets are
unmarked and multiplets are designated as follows:
d,
doublet; tr, triplet; hept, heptet; m, multiplet whose center
is given; br, broad; ob, obscured.
Figures in parentheses are
coupling constants or line separations in Hertz.
100 MHz spectrum in CDCl^ at 60°.
Numbers

in

brackets indicate chemical shifts in

C6D 6*

d100 MHz spectrum in

at 75°.

e100 MHz spectrum in CDCl^ at 27°.

2-3.

1
a b
H-NMR Parameters ’ of 9-Acetoxymelnerin A
NaBH, Reduction Products
4

45C

46°
4.46 [4.26] m

H-7

2.15 [1.95]
m (5.0, 10.9)

3.08 [2.62] m

H-8

5.90 [5.80]
dd (5.0, 8.8)

5.78 [5.0]
brdd (6.5, 4.9)

H-9

6.61 [6.63]
brd (8.8)

6.60 [6.70]
brd (6.5, 1.0)

H-ll

2.68 [2.28]
mob (10.9)

2.80 [2.46]
m (8.6)

H-13

1.38 [1.24]
d (6.9)

1.35 [1.19]
d (7.9)

H-15

3.52

C02Me

3.78 [3.41]

3.80

H-2'

2.63

[2.27]
mob

2.60 [2.31]
hept (6.9)

2'-Me

1.20 [0.80]
d (7.0)

2.20 [1.01]
d (6.9)

CM

1.20 [1.00]
d (7.0)

2.20 [1.02]
d (6.9)

i

4.21 [4.92]
dd (10, 8.3)

&

H-6

[3.10]
m

3.51 [3.01]
m (5.6, 11.2)
[3.38]

3 See footnote a, Table 2-2.
^Numbers in brackets indicate chemical
shifts in C,D,.

6 6

°200 MHz spectrum in CDCl^ at 60°.
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Table 2-4.

6.76
dd (7.4, 9.8)

H-l

H-NMR Parameters of the PCC Oxidation
Products of 9-Acetoxymelnerin A (32a)
and Melnerin A (39)

4_8C,d

55e

54e

6.99 [6.68]
dd (5.2, 13.0)

6.91
dd (5.9, 11.0)

6.87
dd (5.3, 11.0)

5.23
brm

5.08
brm

H-6

5.25
brm

6.61 [5.37]
brm

H-7

2.87
brm

3.07 [2.72]
brm

2.86
brm, ob

2.79
brm

5.58
brm

5.50
brm

H-8

5.69
dd (2.5, 3.5)

H-9

6.21
brd (3.5)

6.42 [6.13]
brd (5.1)

ob

ob

H-l 3a

5.26
d (2.1)

5.74 [5.10]
d (1.6)

5.72
d (1.6)

5.71
d (1.5)

H-l 3b

6.16
d (2.3)

6.35 [6.13]
d (1.8)

6.34
d (2.1)

6.33
d (1.7)

H-15

5.54 [5.69]
dd (5.1, 3.2)

—

9.59 [8.90]

—

OAc

1.82

2.14 [1.65]

—

c o 2c h 3

3.45

3.86 [3.42]

3.81

3.83

2.38
hept (7.0)

2.43 [2.30]
hept (7.0)

ob

ob

H-21

9.56
—

2'-Me

1.04
d (7.0)

1.09 [1.04]
d (7.0)

1.10
d (7.0)

1.09
d (7.0)

2'-Me'

1.04
d (7.0)

1.08 [1.04]
d (7.0)

1.13
d (7.0)

1.11
d (7.0)

Miscella
neous

H-5:
2.21
brd (11.9)
H- 5 ’: 2.87
dd (4.5, 11.9)

aSee footnote a of Table 2-2.
^100 MHz spectrum in

at 60°.

C200 MHz spectrum in CDCl^ at 60°.
^Numbers in brackets indicate chemical shifts in
e200 MHz spectrum in CDCl^ at 27s.
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Table 2-5.

32b

323

Mass Spectral Data for 9-Acetoxymelnerin A
and Related Compounds

33a

32c

33c

33b

Assignment

(M-)

m/e

(X)

--

m/e

(X)

m/e

(X)

m/e

(X)

m/e

(X)

m/e

(X)

510

(1.5)

519

(1 .0 )

452

(0.9)

524

(1.7)

533

(1.5)

495

409

(5.9)

406

(5.9)

(5.0)

481

(2 .0 )

501

(6 .0 )

490

-—

(2 .0 )

-—

509

-—
423

(4.6)

420

(3.8)

(3.7)

495

(5.3)

515

(4.2)

404

-—

(3.6)
-—

0

15 or 18

M+ *
[M-CH3 or CD3]+

29

[M-HC50-]+

32

[M-CH3OH]+ *

396

(1 1 .1 )

468

(1.3)

477

(2 .0 )

410

(6 .8 )

482

(1 .0 )

491

(0 .6 )
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(M-H2 c=c=0 ]+ -

395

(48.9)

467

(2 .0 )

472

(2 .0 )

409 (29.5)

481

(1 .2 )

490

(1 .1 )

43

[M-CH3C0 ] +2

378

(0.7)

450

(8 .0 )

459 (1 1 .0 )

392

(2.7)

464

(9.3)

473 (1 0 .8 )

60

[M-H0Ac]+ -

377

(7.4)

391

(6.5)

368

(-- )

440

(2 .2 )

367
364
363

-—
(2 .0 )

449

(3.3)

439

(4.0)

448

(8.4)

(20.7)

436

(1.5)

445

(1 .6 )

(84.4)

435

(2 .2 )

444

...

350

(6.7)

349

(9.6)

346

(8.9)
...
(5.2)

335

(11.9)
...

[M-(CH3 )2 C=C=0]+ -

-—
378

-—
(9.1)

450

-—
(5.8)

459

(4.9)

71

[H-(CH3)2C-C50-]+

74

[m-ch3oh-h2 c=c=o]+ [m-ch3oh-ch3 c=o- ] +3

(3.9)

458

(3.6)

75

440

(4.4)

449

(6.4) .

84

[M-C2 H 5C(CH3 )=C=Ol+ -

-—

-—

367

(0.4)

439

(9.3)

448

(9.8)

85

(M-C2H5CH(CH3)-C30•]+

422

(2 .0 )

431 (13.0)

418

408

(3.5)

407 (10.9)
-—

92

(M-CH 30H-H0Ac)+ •

102

[M-2-methylbutyric acid] •
(M-CH3OH-(CH3 )2 c=c=o]+ -

432 (1 0 .6 )

(5.1)

422

(4.4)

(4.8)

-—

-—

—

102

416 (15.2)
...

-—

-—

—

103

[m-ch3oh-(ch3 )2 ch-c=o-]+

(4.7)

116

tM-CH3OH-C2 H 5C(CH3 )—0=0]**"'

416 (17.0)

117

tM-CH3OH-C2 H 5CH(CH3 )-C=0']+

(7.2)

...

[h2 c=o-skcd3)3]+

--

IH2 C=0-Si(CH3)3]+

(1 0 0 )

--

[C2H5CH(CH3)C50]+

82 (11.7)

--

tSi(CD3)3)+

--

[Si(CH3>3]+

---

l(CH3 )2 CH-C=0]+

417

(9.0)

(1 1 .0 )
—
...

82 (47.1)

(1 0 0 )

441 (13.4)
431 (18.9)

(6.7)

...

336

(4.5)

408

335

(6.7)

407 (16.5)

-—

—

43

103

85 (95.3)
-—

417

112

(9.1)

85

(1 0 0 )
—

—
85

73 (11.9)

-—

—

...

57
(1 0 0 )

(5.3)

-—

-—

71 (82.5)

--

43

[M-H0Ac-HC=0-]+

350

—

71 (80.0)

[M-isobutyric acid] •

89

360

73 (36.0)

...

88

-—

—

112

—

-—

-—

427 (13.4)

—

...

-—
(7.4)

—
(9.3)

-—
363

-—

103

(50.4)

70

449

-—

(1 0 0 )

-—

(0.5)

...

71

[m-h2 o-ch3 c=o-)+

-—

-—

377 (51.6)

(2 .0 )

—

...

61

368

...
—
...

-—

-—

-—

336

-—

-—

-—

43

-—

(1 0 0 )

43 O9.0)

...

57 (51.1)

57 (54.8)

---

[C2 H 5-CHCH3]+

43 (16.0)

43

---

(CH3-C=0]+ or ((CH3 )jCH1+

05. B)

Spectra for 32a, b, and c were obtained on a Hewlett Packard 5895 GC-MS at 70 eV, while those for 33a, b, and c
were determined on an Interfaced LKB 9000 mass spectrometer at 20 eV»
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group at C-9 in 32a may also play a role in the oxidative ring
expansion either directly or indirectly by minor conformational
changes possibly involving C-15 chromate ester intermediates.

2.7

Experimental
The following generalizations may be made about equipment

and conditions with regard to data presented in this section:
IR spectra were obtained on a Perkin Elmer 621 Infrared
Spectrophotometer;
UV spectra were
Sepctrophotometer using
CD spectra were

recorded on a Cary-14 Recording
methanol as solvent;
run on a Durram-Jasco J-20 Spectrometer

using methanol as solvent;

theta

values for wavelengths below

220 nm bear great uncertainty due to light absorption by the solvent,
although the signs of the Cotton effects remain certain;
Melting points were determined on a Thomas Hoover Capillary
Melting Point Apparatus and are uncorrected;
NMR spectra were recorded on a Bruker WP 200 Fourier
Transform NMR Spectrometer at 200 MHz; conditions are presented
with the individual data;
Mass spectra were obtained on a Hewlett Packard 5895 GCMS
at 70 eV, source temperature 200°C; samples were introduced via
direct inlet probe;
HRMS data were obtained on a Varian MAT 711 High Resolution
Mass Spectrometer at 70 eV;
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Elemental analyses were performed by Galbraith Laboratories,
Inc., Knoxville, Tennessee, U.S.A.

Isolation of 9-acetoxymelnerin A (32a) and B (33a).

Dried

leaves and stems (1162 g) of Melampodium leuoanthum (collected in
Chaves C o . , New Mexico on June 21, 1974; Stuessy and Meacham No.
3538, voucher deposited at the Ohio State University Herbarium at
Columbus, Ohio) were extracted with cold CHCl^ and worked up as
outlined in Scheme 2-3 (vide supra) yielding 67.2 g of crude syrup.
Five grams of this syrup were chromatographed over 300 g of silica
gel (EM Reagents 70-230 mesh) using n-propyl acetate as eluant and
taking 50 mL fractions.

Progress was monitored by thin layer

chromatography (TLC).
Lactones were found throughout fractions 25-90.

Fractions

28-38 provided 70 mg of a crystalline mixture of melampodin A
acetate (34) and leucanthin B (35).
yielded 60 mg melampolidin (36).

The combined fractions 39-44

Fractions 60-90 were combined and

evaporated to provide 1.65 g of oil which was further chromatographed
over 50 g of neutral alumina using ethyl acetate as eluant.
Fractions 10-15 of this column yielded 170 mg of a mixture of
crystalline 32a and 33a, mp 123-128°.

Later fractions provided

after preparative layer chromatography (PLC) small amounts (<10 mg)
melampodin B (23) and melampodin C (38).
crystallized from the crude syrup.

Melampodin B (23) also

Additional crude syrup was

chromatographed as material was needed for further investigations.
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Compounds 34-36, 23 and 38 were characterized by comparison
of their NMR spectra with literature data28-30 and spectra obtained
from previously isolated samples.

Their physical data are not

included here.

Preparation of TMSi derivatives and their GC-MS analysis.
Samples were silylated by heating 2-3 mg with an excess of
N,0-(bis-trimethylsilyl)-trifluoroacetamide (BSTFA) until
dissolution was achieved.

2.5 yL of the solution was injected onto

a 6 ft x 4 mm (i.d.) silanized glass column packed with 1% SE-30 on
Gas Chrom Q (100-120 m e s h ) , and the mass spectra of the gc fractions
were obtained on an interfaced LKF-9000 mass spectromoter at 20eV.
The gc trace showed two major peaks in an approximate ratio of 4:1,
the major component corresponding to 32b and 33b.

HPLC separation of 32a and 3J3a.

100 yL injections of a

50 mg/mL solution of the mixture of 32a and 3J3a in methanol were
loaded onto a Waters y-Bondapak C-18 reverse-phase column (7.8 mm
i.d. x 30 cm., 10 ym particle size).

Eluant was methanol-water

(1:1) at a flow rate of 2.3 mL/min and a column pressure of
1400 psi.
33a.

The retention times were 40 min. for 32a and 60 min.

for

A third component of intermediate polarity (T^ = 50 min.)

was obtained which was identified as melcanthin A (37) by comparison
of its spectral data with published data.9
reported for 37.

No further data are

The effluent collected was concentrated in vaouo

for the removal of methanol.

The residual water was extracted with
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The combined extracts were dried over N a 2S04 and evaporated

in vaouo to yield the pure compounds.

9-Acetoxymelnerin
...r. A (32a), C ^ H ^ O ^y,
(MeOH)

213 nm (e = 1.5 x 104 ) ; CD,

IR, v (film),
max

mp 149-151°, UV, X___
IQcLX

t6 ]213 ”9 8 >9 8 8 J

^ 2 4 9 + 9795,

3500 (OH), 1760 (y-lactone),1745 (acetate),

1730

(ester), 1660 and 1640 cm ^ (double bonds); NMR, see Table 2-2;
MS, see Table 2-5; MW (Cl) M + 1 = 439.
Anal.
M

r

Calcd for C 21H 2gOg(M-CHO):

(MS) 409.1867.

Found:

M r 409.1863.

Calcd for C o1H„,0o (M-CH-OH):
21 26 8
3

M

r

Found:

406.1627.

M (MS) 406.1636.
r
9-Acetoxymelnerin B (33a), C ^ H ^ O ^ ,

213 nm (e = 3.4 x 104 ) ; CD,

mp 136-138°; UV, ^max

[0]213 - 122,530;

[0]248 + 14,628; IR

(film), 3500 (OH), 1750 (y-lactone), 1740 (acetate), 1660 and
1645 cm ^ (double bonds); NMR, see Table 2-2; MS, see Table 2-5.
Anal.

Calcd for C 00H 010 o (M-CHO):
22 31 8

M

r

(MS) 423.2017; Calcd for C o1H on0 o (M-CH„C=0):
zi zy o
j

423.2019.
M

r

Found:

409.1863.

M

r

Found:

M r (MS) 409.1864.

Acetate 40.

86 mg of 32a was acetylated with A c 20-py at

room temperature for 1.5 hrs.

Chromatography of the crude gum on

preparative layer Si-gel using 15% PE/85% Et20 as eluant yielded
39 mg of pure 40, C o/H „.0ir., oil; IR v
(film), 1750 (y-lactone),
°
24 34 10
max
1740 (acetate), 1730
(double

(ester), 1710 (ester), 1660 and 1640 cm ^

bonds); NMR, see Table 2-2; MS, 480 (M+ ) , 420 (M-HOAc),
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410 (M— (CH^) 2<-:==^==0) , 409 (M-CH3 )2CH-C=0* ) , 392 (M-isobutyric acid),
367 (M-ketene-(CH3 )2CH-CEO*)} 335 (M-CH30H-ketene-(CH3)2CH-C=0*), 71
((CH3 )2CH-CEO+ ), 43 (CH3-CE0+ , base peak).

N a B H ^ R e d u c t i o n of 32a.

To a stirred solution of 100 mg

3j?a in 25 ml of methanol at 0° was added 200 mg NaBH^.

The mixture

was allowed to react for 10 min. after which the solvent was
evaporated and the residue treated with 5% HC1, extracted with
CH2C12> dried and evaporated.

Preparative layer chromatography

(2X PE/EtOAc, 1:1) of the residual oil gave several bands of which
45 (14 mg) and 46 (4.6 mg) showed

values of 0.21 and 0.11,

respectively.
Compound 45, C 2oH 28°7’ o i l ’ C D ’ ^ 2 4 6
+ 30,8970;

~ 2118» ^0 ^222

IR, v
(film), 3450 (OH), 1775 (sat'd, y-lactone),
nicix

1725 (ester), 1650 cm ^ (double bond); NMR, see Table 2-3; MS,
382 (M+ ), 364 (M-H20 ) , 350 (M-CH30 H ) , 311 (M-(CH3)2CH-CH e 0 ‘), 295
(M-(CH3)2CHC02 *), 294 (M-isobutyric acid), 276 (M-H20-isobutyric
acid), 262 (M-CH3OH-isobutyric acid), 71 ((CH3)2CH-C e O+ , base peak),
43 (C3H 7+ ) .

Compound 46, C2QH 300 7 , oil; CD,
+15,335; IR, v

[Q^g

“ 1024» te ^218

(film), 3450 (OH), 1775 (sat. y-lactone), 1740,

lTlflX

1720 (ester), 1650 cm ^ (double bond); NMR, see Table 2-3; MS,
382 (M+ ), 364 (M-H20 ) , 350 (M-CH30 H ) , 332 (M-H20-CH30 H ) , 312
(M-(CH3)2C=C=0), 311 (M-(CH3)2CH-C=0*), 295

(M-(CH3 )2CHC02 ’),

55

294 (M-isobutyric acid), 276 (M-H^O-isobutyric acid), 262 (M-CH^OHisobutyric acid), 71 ( (CH3)2CH-C e O+ , base peak), 43 (C^H^"1").

Reaction of 32a with pyridinium chlorochromate (PCC).
Lactone 32a (150 mg) dissolved in 2 ml of

was added to a

suspension of 150 mg of PCC in 5 ml of C l ^ C ^ .

The mixture was

stirred at room temperature and monitored by TLC.
three spots appeared having

After 1.5 h

values (Et20, Si-gel) of 0.57,

0.39, and 0.31, corresponding to the aldehyde 48, ketone 49, and
starting material

(3J2a) .

Neither additional reaction time nor

additional PCC changed the appearance of the TLC notably.

After

24 h the reaction mixture was filtered through a short column of
florisil.

The effluent was combined with subsequent ether washings

and evaporated.

Preparative TLC provided 16 mg of 48, 37 mg of 49,

and 44 mg of starting material

(32a).

The aldehyde 48 contained

trace amounts of the corresponding acid.

Aldehyde (48), C
(e = 2.4 x 104 ); CD,
IR,

zz

H

[d]^

0 , oil, UV, X
40

7

-2387,

nicix

(MeOH) 202

[0]24Q + 2203,

[6]^

- 275,

(film), 2880 and 2730 (aldehyde), 1760 (y-lactone), 1745

(acetate), 1725

(aldehyde), 1710 (ester), 1660 and 1640 cm ^

(double bonds); NMR, see Table 2-4; MS, 436 (M+ ) , 394 (M-ketene),
377 (M-CH^CX^*)* 376 (M-HOAc), 306 (M-ketene-isobutyric acid), 71
((CH3)2CH-CEO+ , base peak), 43 (CH3- C e 0+ ).
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Ketone
------

(49), C ooH „ o0 n, mp 146-148°, UV, X
(MeOH) 205
—
22 28 9
max

(e = 1.7 x 104 ); CD,

[0]n 7

- 32,468,

[0]238 + 8040,

[e]300 - 1917;

IR, v
(film), 1760 (y-lactone), 1715 (ketone), 1710 (ester),
max
1660 and 1645 cm ^ (double bonds); NMR,

see Table 2-4; MS, 436 (M+ ) ,

393 (M-CH3-C=0-), 376 (M-HOAc), 362 (M-ketene-CH3O H ) , 330
(M-C4H 100 3), 309 (M-C3H 40-(CH3)2CH-C=0-), 277

(M-CH^H-C^O-

(CH3 )2CH-C=0-), 71 ((CH3 )2CH-CHO+ , base peak), 43 (CH3-CeO+ ) .

Oxidation of melnerin A (39) with P C C .

Lactone 39 (200 mg)

in 5 mL of CH2C12 was added to a suspension of 170 mg PCC in 5 mL of
C H 2C12 .

The mixture was stirred at room temperature for 1 h after

which work-up proceeded as outlined above for 3_2a.

Purification

by preparative TLC yielded 100 mg of aldehyde 54 and 7.7 mg of
ketone 55.

Aldehyde (54), C„„H„^0_,, oil, IR, v
(film), 2860 and
----- --—
ZU Zb /
max
2715 (aldehyde C - H ) , 1765

(y-lactone), 1720 (aldehyde), 1670 and

1659 cm ^ (double bonds); NMR, see Table 2-4; MS, 378 (M+ ) , 349
(M-CHO), 346 (M-CH30H), 335 (M-(CH3)2C H ) , 332 ( M - C ^ O ) , 308
(M-(CH3 )2C=C=0), 276 (M-CH3OH-(CH3 )2C=C=0), 253 (M-CH3-0H-isobutyric acid),

71 ((CH3 )2CH-CeO+ , base beak), 43 (CH3~CeO+ ).

Ketone (55), C or.Ho ,0-., oil, IR, v
(film), 1750
-----~~
ZU Zb /
max
-1
(y-lactone), 1735 (ester), 1720 (ketone), 1650 cm
(double bond);
NMR, see Table 2-4, MS, 378 (M+ ) , 346 (M-CH3O H ) , 332 (M-46), 321
(M-57), 294 (M-84), 276 (M-CH30H-(CH3)2C=C=0), 258 (M-ClLjOHisobutyric acid), 71 ((CH3)2CH-CeO+ , base peak), 43 (CH3~CE0+ ) .

Chapter 3
REACTIONS OF GERMACRANOLIDES FROM MELAMPODIUM
WITH ALKOXIDE NUCLEOPHILES

57

58

3.1

Introduction
The coocurrence in M.

leueanthum of a i s , c?£s-germacranolides

(56) and dilactones of the melampodin B type (58), the same
configuration of their 4,5-double bonds, and the demonstration that
migration of the 1,10-double bond into the 9,10 position takes
place under nucleophilic conditions provide strong evidence for a
biogenetic relationship between the two structural types.

This

has been suggested previously19 as outlined below in Scheme 3-1.

Nu.

Nu

-OR
H<

HO'

57

56

1) sap on ifi cat io n
2)lactonization
v
Nu

Scheme 3-1.

Possible biosynthesis of melampodin B-type compounds
from ois, cis-germacranolide precursors.

59

In this way the dilactones melampodin B (58, Nu = OAc) and
cinerenin (58, Nu = OEt) might be derived from melcanthin A
(56, R = Ac, R' = A n g ) .
The mechanism of the S„2' reaction has been shown to be
N
a stereospecific eis process.37

The incoming and outgoing

nucleophiles approach and leave the molecule from the same side.
Furthermore the detailed conformational structure of melampodin B
(60), obtained from x-ray d a t a 10 reveals two important features in
this regard.

The carbonyl carbon of the 8,14-y-lactone lies above

the plane of the molecule, and the acetate at the C-l position is
alpha-oriented, pointing away from the center of the ring.

These

facts support the hypothesis that the structure 59 represents the
most likely precursor of the dilactones in the transition state of
this transformation.

AcO
Hrf

59

60

Thus in 59 the carbomethoxy group lies above the plane of
the molecule poised for subsequent lactonization at the g-oxygenated

60

C-8 position.

In addition the attacking nucleophile can approach

unhindered from the outside of the ring as would be expected.
Finally the leaving group at the C-9 position should be 8-oriented
to satisfy the stereochemical requirements of the S^2' reaction
although this is contrary to the configuration at C-9 in the
published9 structure of melcanthin B (61) which had been assigned
as a-OAc on the basis of NMR coupling constants.

OAc

R = C 0 2C H 3
R'= angelate

3.2

Correlation of Melcanthin A and Cinerenin
With the above considerations in mind the synthetic

sequence outlined in Scheme 3-2 was proposed and attempted.

It

was assumed that of the two Michael acceptors present in
melcanthin A (37), the 1,10-double bond and the exocyclic methylene,
the latter would be more reactive, and thus it would be necessary
to employ a protecting group.

The use of secondary amines as

protecting agents of the exocyclic methylene of sesquiterpene
lactones has been previously reported.38

The addition product 62

could subsequently be reacted with sodium ethoxide to form the
S^2' product 63 which upon saponification with concurrent loss of

61

37

62

EtO

1)_O H , H 2 0
2) H30 +
HO

H

64

63

Scheme 3-2.

Attempted synthesis of cinerenin from melcanthin A.

the protecting group would provide the carboxylate precursor of
cinerenin (64).

Lactonic exocyclic methylene functions are

regenerated from their amine adducts by shaking or stirring with
a saturated aqueous sodium bicarbonate solution.

14,8-lactoni-

zation, expected to occur with acidification of the mixture, would
then yield cinerenin (64).
The attempt met with failure in the first step.
desired amine addition product

The

(62) could not be obtained.

Instead, even under carefully controlled conditions of
stoichiometry,

temperature, and time, a compound which appeared to

62

be the bis-adduct 65 was formed (Scheme 3-3).

This indicated that

the 1,10-double bond of melcanthin A rivals the exocyclic methylene

HNMe

H'

37

Scheme 3-3.

65

Reaction of melcanthin A with dimethylamine.

in reactivity, and precluded the completion of the sequence out
lined in Scheme 3-2.
An alternate reaction plan involved an all or nothing
approach in which melcanthin A (37) would be converted into 67
with the possible isolation of 66 as an intermediate.

For

comparison 67 would be prepared independently from cinerenin (64).
This sequence is shown in Scheme 3-4.
Stirring of melcanthin A in a solution of sodium ethoxide
in ethanol overnight at room temperature resulted in a one-step
formation of 67 which was independently synthesized from cinerenin
(64) without difficulty.
spectral parameters

The two compounds exhibited identical

(NMR, MS, UV, and I R ) .

The above transformations

provide strong evidence for the biogenetic relationship between
the ais, eis-germacranolides and dilactones of the melampodin B
type.

63

NaOEt
HO

HO'

66

37
/V/

1) "OH, H20
2) H 3 0 +

EtO

EtO

NaOEt

Hi

OEt

Hi

64

Scheme 3-4.

67

Conversion of melcanthin A and cinerenin into a common
product.

The generality of the interconversion as well as its useful
ness in structure elucidation were next examined.

This involved the

reaction of a series of naturally occurring germacranolides,
including o-Ls, e£s-compounds melampolides, dilactones, and 4,5dihydrogermacranolides with sodium methoxide.

Methoxide was chosen

over ethoxide as the nucleophile principally because its singlet
in the NMR spectrum is easy to identify and less likely to interfere
with other signals than the triplet and quartet resonances produced
by the ethyl group.
below.

The results of this investigation are presented

64

3.3

Reactions of Dilactones with Sodium Methoxide
In the paper describing the isolation and structure

elucidations of the dilactones cinerenin (64) and melampodin B
(23) the two structures were correlated by their conversion to
the common tribromide 68 (Scheme 3-5).30

Additionally ester

Acq

EtO.

HO

64
HBr
l HOAc

23
HBr
HOAc

Br'

68
Scheme 3-5.

Structure correlation of cinerenin with melampodin B.

exchange has been observed in the reaction of melampodin B (23)
with isobutyryl chloride in pyridine to produce 69 (Scheme 3-6).39
The reactivity of the C-l position of the dilactones under
nucleophilic conditions was therefore tested.

65

AcQ

23

Scheme 3-6.

69

Reaction of melampodin B with isobutyryl chloride.

It was discovered that melampodin B (2.3) when stirred with
one equivalent of sodium methoxide at room temperature for 30
minutes produced a nearly 1:1 mixture of mono- and di-methoxides
70 and 71 (Scheme 3-7).

This demonstrated that at least in

AcQ

H

23
I eq. NaOMe
RT, 3 0 min.

CHaO

\

och3

70
Scheme 3-7.

71

Reaction of melampodin B with sodium methoxide.

66

melampodin B (23) nucleophilic substitition at the C-l position
takes place at a faster rate than Michael addition to the 11,13double bond since the product derived from methoxide attack at
C-13 with retention of the C-l acetate was not detected.

4,5-Di-

hydromelampodin B (72) give similar results, yielding the
methoxides 73 and 74 (Scheme 3-8).

Aco

72
I eq. NaOMe
RT, 3 0 min.

H

OCH

HO'

73
Scheme 3-8.

74
Reaction of 4,5-dihydromelampodin B with sodium
methoxide.

The ethoxide group at the C-l position in cinerenin (64)
proved to be somewhat more resistant to substitution.

Reaction

of 64 with sodium methoxide produced a 3:1 mixture of 75 and 71

67

with the major product

(75) still possessing the original side-

chain at the C-l position (Scheme 3-9).

This compound serves as

64
I eq. NaOMe
RT I hr.

EtO

\

och3

HO

75
Scheme 3-9.

3:

71

Reaction of cinerenin with sodium methoxide.

an important reference standard in the assessment of the stereo
chemistry of the C-l position.

A comparison of the appropriate

chemical shifts and coupling data in the NMR spectra of 75 and the
other 4,5-eis-dilactones seems to indicate that the C-l substitutent
is a-oriented in every case.

The dimethoxide

(21) produced from

melampodin B and that from cinerenin were shown to have identical
spectral properties.

68

Two mechanisms are consistent with the observed results.
If the process were S^l the two structures 76 and 77 would
represent the resonance stabilized cation.

Assuming that the

approaching nucleophile is forced to attack from outside the ring
for steric reasons, retention of configuration at C-l would be
expected.

H'

76

The only way that an incoming nucleophile could adopt a
8-orientation at position C-l (i.e. inversion of configuration)
would be if the 8,14-y-lactone were able to rotate such that the
carbonyl would lie below the plane of the molecule as in 76a.

76a

69

Stereomodel examination strongly suggests that this maneuver is
physically most unlikely assuming that the 8,14-lactone remains
intact.
Alternatively, a double S^2' reaction with attack
occurring first at C-9 in 23 followed by C-l attack in 78 as shown
in Scheme 3-10, would be expected to proceed with overall retention

AcO

CH,0

NaOMe

Hi

N aO M e

ich3

Hi

78

23

Scheme 3-10.

at C-l.

Possible mechanism of exchange reaction of melampodin
B in sodium methoxide solution.

Although the above conversion as well as the S^l process

would allow for the formation of 78, this compound was not
detected in either experiment.

It is of interest to note, however,

that Herz and coworkers obtained the C-9 substitution product 80
from the melampolide orientalide (79) under slightly different
reaction conditions

(Scheme 3-11).4 0 »41

70

HO
.OCH

HO
.OAc

4 0 % aq
KOH/MeOH

79

Scheme 3-11.

3.4

80

Substitution of the C-9 sidechain in orientolide.

Reactions of Melampolides with Sodium Methoxide
The eis-configuration of the 4,5-double bond in melampodin

B (23) has been established by x-ray diffraction.10

The structures

of other dilactones have been derived principally by correlation
of their NMR spectra with that of melampodin B (23).

Melampodin A

(81) and enhydrin (82) are two melampolides whose structures have
been confirmed by x - r a y .1+2 >1+3

Numerous structure determinations

of melampolides have been based upon comparisons with the NMR

spectra of these compounds.

No cis, eis-germacranolide structure

has yet been established by x-ray methods.

Since the fundamental

difference between melampolides and a i s , cis-germacranolides lies

71

in the configuration of the 4,5-double bond it was considered
appropriate to investigate the possibility of converting suitable
melampolides into dilactones for comparison with the natural and
synthetic 4,5-eis-dilactones.
Enhydrin (82) yielded only the saponification product 83
which remained unchanged upon further treatment with base
(Scheme 3-12).

Tetraludin C (84) yielded a complex mixture of

2 eq. NaOMe
RT, 2 0 hrs.

82

83
Scheme 3-12.

Reaction of enhydrin with sodium methoxide.

products from which was isolated a small amount of the dilactone 85
(Scheme 3-13).

From the NMR spectra it appeared that the remaining

ch 3o

OH

2 eq. NoOMe
RT, 2 0 hrs.

Scheme 3-13.

Reaction of tetraludin C with sodium methoxide.

72

compounds represented a mixture of partially saponified lactones
and methyl esters of the sidechains.
A compound more useful for spectral comparison with the
4,5-cis-dilactones and their derivatives was obtained as the minor
product

(88) of the reaction involving tetrahelin B (86).

major product
chains

The

(87) resulted from saponification of the ester side

(Scheme 3-14).

CO 2CH 3
'OAc

N

^

P

V

I

S

ac

I uAc

2 eq. NaOMe
R T , 1.5 h r s .

CH

Ill
och3

\>CH*

87

Scheme 3-14.

10=1

88

Reaction of tetrahelin B with sodium methoxide.

The fact that dilactones may be produced from melampolides
requires some comment.

The principal conformation adopted by

73

melampolides as derived from x-ray analysis42 and

NMR solution

studies44 appears to be that of 89 (Scheme 3-15) with the C-10
carbomethoxy group below the medium ring and the C-4 methyl above
the plane of the ring.

The orientation of the C-9 sidechain O R ’

is such that 3^2' reaction is acceptable mechanistically, but the
location of the carbomethoxy group below the ring is not suitable
for lactonization toward C-8.

The product (90) of the nucleophilic

substitution is, however, a tvans, tvans-germacranolide which may
undergo conformational rotation to the more stable chair, chair
conformer

(91).

This rotation would not affect the orientation of

the C-8 oxygen function,

so that saponification and lactonization

would proceed to produce the 4,5-trans-dilactone 92.

On the other

hand conformational rotation of 89 to yield 93 prior to nucleophilic
attack must be discounted since that would move the C-9 sidechain
toward the inside of the ring and make it unavailable for S ^ '
substitution.
The suggestion that the tvans, tvans-germacranolide 90
may undergo rotation to an all chair conformation is both pleasing
thermodynamically and supported by experiment.
tvans-germacranolides

1(10)-tvans-b,5-

(germacrolides) such as costunolide (94)

with known x-ray structure45 are found to adopt the chair, chair
conformation (95) in the solid and solute state.

In that

conformation the C-4 and C-10 methyl groups are syn and oriented
above the ring.

74

Nu

SN 2'
MeO

89

90

OR'
RO

93

91

92

Scheme 3-15.

Transformation of a melampolide into a 4,5-transdilactone.

75

CH3

94

13

95

UK

C-NMR temperature studies4 *3 of the compound

laurenobiolide

(96) have indicated that the four conformations

97, 98, 99, and 100 exist in solution in a ratio of 5:4:3:1.

96

97

98

AcO

99

CH3

100

A

76

comparison of conformer 97 above with 91 from Scheme 3-15 reveals
their striking structural similarity.
The sequence of nucleophilic attack on 89 followed by
subsequent conformational rotation and lactonization enforces a
stereochemical requirement on the newly attached C-l substituent.
That is, it must be 8-oriented in the product (92).

This is in

contrast to the a-position of the corresponding substitutent in
the 4,5-cis-dilactones and should be manifested in the NMR
spectral parameters of the two types of dilactones.

Comparison of

the conformational representations are shown in Figure 3-1.
addition,

In

the pertinent NMR data of the 4,5-cis-dilactone 101,

prepared from melampodin B (23), and the 4,5-trans-dilactone 102,
prepared from tetrahelin B (86), are listed below the structures.
In 101 H-l is ci-s to the carbonyl of the 8,14-lactone.
This is reflected in its lower chemical shift when compared to its
counterpart in 102.
methylene group

The opposite holds true for the C-4 hydroxy-

(H-15), and, expectedly, dilactone 102 exhibits the

lower chemical shift for that signal.

Additionally there may be a

contribution of intramolecular hydrogen bonding between the C-15-OH
and the C-14 carbonyl oxygen in the last result.

The ois versus

trans nature of the 4,5-double bond is contrasted dramatically in
the chemical shifts of the H - 5 ’s of the two isomers.

In 101 that

signal appears nearly 0.7 ppm downfield of its counterpart in 102

77

& P

OCH3

102

101

H-l

4.28 m

4.17 brdd

H-15

4.12 (AA'X pattern)

4.30

H-5

5.50 brd (J

4.82 brd

H-6

4.68 dd (J,

H-7

2.72 ddd («7_ _ = 2.1)

2.44 dd (Jn „ negligible)

H-8

5.46 dd (JQ
=1.3)
o,y

5.49 brs

H-9

7.20 dd (Jg 1 = 1.3)

7.17 d (Jg ^ negligible)

H-ll

3.14 ddd («71;l ? = 11.9)

3.01 ddd (J1;L 7 = 12.8)

= 10.0)

6 ,/

= 10.0)

/ ,o

Figure 3-1.

5.08

2 / 2 , = 10.1/4.1)

(AA’X pattern)
(«7_ , = 10.2)
5,6

dd (J, , = 10.2)

6, /

(Jg 9 = 1.6)

Comparison of some H-NMR parameters of cis-4,5- and
trans-4,5-dilactones.
(1Q1 and 102 are the
conformational representations of 71 and 88.)

78

because of its proximity to the C- 4-CH 2OH, clearly demonstrating
the cis nature of the 4,5-double bond in 101.

A 1,3-diaxial

interaction between the C-4 hydroxymethylene group and H-6 in 102
causes the H-6 signal to appear at a lower chemical shift than for
the H-6 absorption in 101.
Additional information may be derived from the couplings
observed between the various protons.

In both compounds anti-

periplanar relationships are suggested for H-5 and H-6 and also
for H-6 and H-7.

This is supported by large coupling constants

(c7c , = J, _ = 10) in both cases.
,b

The axial-equatorial relationships

b , /

between H-7 and H-8 and between H-8 and H-9 are expressed as small
coupling constants (J < 2.1 Hz) for those pairs.
coupling in each case for H-7 and H-ll (J-j ^
diaxial arrangement of those protons.

Finally, the large

= 12 Hz) indicates a

This places the C-ll side

chain in an a-orientation, which represents the thermodynamically
more favorable configuration.
NMR spectra of the compounds described above are presented
below followed by the tabulated data.
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200 MHz "^H-NMR spectrum of
(CDC13, 27°C)

7
/.

2 3,3'

2'

K . Mtm

00

Figure 3-5.

200 MHz "Sl-NMR spectrum of
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Table 3-1
H-NMR Parameters

Assignment

of Various Modified Germacranolides

67^

75^

H-l

4.37 m

4.37 m

H-2

2.30 brdd
(14.5, 4.5, 4.5)

2.32 m

H-2'

1.86 dddd
(14.5, 9.5, 5.0,
1.2)

1.86 dddd
(14.5, 9.5, 4.5,
1.2)

H-3, 3 f

2.10 m

2.13 m

H-5

5.50 brd (10.0)

5.50 brd (10.0)

H-6

4.67 dd (10,0,
10.0)

4.68 dd (10.0,
10.0)

H-7

2.75 ddd (12.0,
10.0, 2.1)

2.74 ddd (12.0,
10.0, 2.0)

H-8

5.47 dd (2.1,
1.5)

5.45 dd (2.0,
1.3)

H-9

7.24 dd (1.5,
1.5)

7.22 dd (1.3,
1.3)

H-ll

3.13 ddd (12.0,
5.9, 4.0)

3.14 ddd (12.0,
5.6, 4.1)

H-13

3.86 dd (10.1,
4.2)

3.81 dd (9.9,
4.1)

H-13'

3.77 dd (10.1,
6.0)

3.75 dd (9.9,
5.6)

H - 1 5 , 15'

4.12 brs (AA'X
pattern)

4.12 brs
pattern)

c h 2- c h 3

3. 54 m

3.54 m

c h 2- c h 3

1.21 and 1.20 t
(7.0)

1.22 t (7.0)

3.40 s

(AA'X
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Table 3-1 continued

Assignment
H-l

71

70

4.28 m

4.16 brdd (8.0, 7.0,

1.0)
H-2

2.32 m

2.29 m

H-2'

1.86 dddd (14.5,
9.8, 4.5, 1.5)

1.69 m

H-3, 3'

2.14 m

1.91 - 2.29 m

H-5

5.50 brd (10.0)

5.58 brd (9.9)

H-6

4.68 dd (10.0,
10.0)

4.54 dd (9.9, 9.9)

H-7

2.72 ddd (11.9,
10.0, 2.1)

3.51 dddd (9.9,
3.2, 2.8, 0.9)

H-8

5.46 dd (2.1,
1.3)

5.92 dd (1.6, 0.9)

H-9

7.20 dd (1.3,
1.3)

7.56 dd (1.6,
1.0)

H-13

3.82 dd (10.1,
4.4)

6.32 d (3.2)

H-13'

3.76 dd (10.1,
5.3)

5.98 d (2.8)

H-15, 15'

4.12 brs
pattern)

4.09 brs

o-c h 3

3.40 s and
3.38 s

(AA'X

3.29 s
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Table 3-1 continued

Assignment

y £

7/

H-l

4.11 brdd (10.0,
4.3)

4.26 brdd (10.

H-2, 2*

1.00 - 2.25 g

1.50 - 2.30 g

H-3

1.00 - 2.25 g

1.50 - 2.30 g

H-3'

1.00 - 2.25 g

1.28 m

H-4

1.00 - 2.25 g

1.50 - 2.30 g

H-5

1.00 - 2.25 g

1.50 - 2.30 g

H-6

3.80 m e

4.08 dd (9.4,

H-7

2.66 ddd (11.5,
10.2, 1.8)

3.46 brddd
3.0)

H-8

5.50 brs

6.01 brs

H-9

7.52 brd (1.5)

8.90 brd (1.5)

H-ll

3.10 ddd (11.5,
5.6, 4.0)

H-13

3.77 (AA'X
pattern)

6.49 d (3.5)

H-131

3.77 (AA'X
pattern)

5.96 d (3.0)

H-15, 15'

3.40 (AA'X
pattern)

3.56 AA'X
pattern)

o-ch3

3.40 s and
3.30 s

3.25 s

(9.

--
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Table 3-1 continued

Assignment
H-l

85 ^
4.18 m

88^
4.17

brdd (10.1, 4.1)

H-2

2.29 m

2.73 m

H-2'

2.04 m

2.00 - 2.73 m e

H-3, 3 ’

2.15 - 2.20 m e

2.00 - 2.72 m e

H-5

4.70 brd (10.0)

4.82 brd

H-6

4.90 dd (10.0,

10.0)
H-7

(10.2)

5.08 dd (10.2,

10.2)

2.29 dd (12.5,

10 .0 )

2.44 dd (12.8,

10 .2)

H-8

5.47 brs

5.49 brs

H-9

7.10 brd (1.8)

7.17 d (1.6)

H-ll

3.00 ddd (12.5,
6.0, 4.0)

H-13

3.86 dd (10.0,
4.0)

3.88 dd (10.1, 3.9)

H-13'

3.76 dd (10.0,
5.9)

3.78 dd (10.1, 5.9)

H-15

1.79 d (0.9)

4.37 brd (14.1)

H-15'
0-CH„

—
3.40 s a n d
3.27 s

3.01 ddd (12.8,
5.9, 3.9)

4.24 d (14.1)
3.40 s and 3.27 s
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Table 3-1 continued

Assignment

83

87 u

H-l

6.91 dd (10.2,
7.8)

6.78

dd (10.0, 7.8)

H-2, 2 1

2.25 - 2.55 m e

2.35

- 2.55 m e

H-3

2.25 - 2.55 m e

2.68 brddd (12.0,
5.0, 3.0)

H-3'

2.25 - 2.55 m e

1.97 brddd (12.0,
12.0, 3.1)

H-5

2.61 d (10.0)

4.99

brd (10.1)

H-6

4.31

5.31

dd (10.1, 10.1)

2.34 ddd (12.1,
10.0, 1.3)

2.12

ddd (12.4, 10.1,

H-8

4.47
1.3)

4.40 dd (8.0, 1.6)

H-9

4.24 d (8.0)

4.08

brd (8.0)

H-ll

2.98 ddd (12.1,
3.3, 3.3)

2.95
3.5)

ddd (12.4, 3.5,

H-13

3.75 dd (10.0,
3.3)

3.72

dd (10.0, 3.5)

H-13'

3.57
3.3)

3.57

dd (10.0, 3.5)

H-15

1.53 s

4.35

brd (13.5)

4.29

brd (13.5)

dd (10.0,

10.0)
H-7

H-15'

dd (8.0,

dd (10.0,

1 .6)

Table 3-1 continued

Assignment

83

b

87

C02CH3

3.78

s

3.77 s

0-CH3

3.35

s

3.35 s

b

a200 MHz spectra at 27 °C, chemical shifts in
ppm vs TMS, coupling constants in Hz, br = broad,
d = doublet, s = singlet, t = triplet.
b CDCl3
CAcetone-d,
o
Q
Obscured
^Pyridine-d^
a
"Signals appear as an envelope.
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The mass spectra of dilactones have been discussed in the
literature.17

Fragmentation follows two main pathways as

illustrated in Scheme 3-16.

The first sequence involves loss of

R ,a
-H O R

- H 0R2

H

103

104

JG§

m/ft« 274

— HgO

R|Q

m/e. = 126 (R i = methyl)

H

m /e * 140 (R,~ ethyl)
H

107
106
- C 2H4
(for R, * ethyl)

Scheme 3-16.

m /ft* 25 6

Mass spectral fragmentation of 1,13-dialkoxydilactones.

the various sidechains to form ions of high mass
the ring remains intact.

(104-106)

in which

The second fragmentation pattern consists

g

Table 3.2.

71

Mass Spectral Parameters

67

melampodin B
dimethoxide
m/e

(%)

338

(5.3)

cinerenin
diethoxide
m/e

cinerenin-13monomethoxide

88

85

tetrahelin B
dimethoxide

tetraludin C
dimethoxide

assignment

m/e

(%)

m/e

(%)

m/e

366 (8.8)

352

(5.0)

338

(1.3)

322

(21.3)

M+

306 (27.1)

320 (100)

306 (44.3)

306 (38.5)

290

(23.9)

M-H0Rjk

288 (22.1)

302 (17.6)

288 (30.4)

288 (21.2)

272

(54.0)c

M - H O R - H 20

274

(7.6)

274 (17.3)

274 (11.1)

274

(7.7)

258

(12.0)

M-HOR -H0R2

261 (21.1)

261 (15.8)

261 (27.6)

261 (30.8)

245

(25.3)

m -h o r 1-(* c h 2o r 2)

256 (10.0)

256 (15.2)

256 (15.6)

256 (14.7)

244 (18.6)

244 (34.9)

244 (23.4)

244 (25.6)

228

(19.3)°

M-H0R1-H0R2-HCH0

230 (25.7)

230 (27.2)

230 (40.6)

230 (26.3)

214

(13.4)

M-H0R1-H0R2-C02

215 (12.7)

215 (13.3)

215 (18.9)

215 (21.8)

199

(18.4)

203 (22.3)

203 (22.7)

203 (29.9)

203 (25.6)

187

(14.0)

126 (27.3)

140 (17.6)

140 (16.6)

126 (16.0)

126

(29.3)

112 (57.2)

112 (87.9)

91 (21.9)

91 (20.5)

91 (35.0)

91 (33.3)

91

(24.5)

77 (31.9)

77 (33.2)

77 (53.7)

77 (34.6)

77

(30.9)

W

45 (100)

45 (100)

45

(100)

H oC=0-R
1 +

--

45 (100)

(%)

75

of Dilactone-1,13-alkoxides

59 (63.3)

--

g

70 eV electron impact; source temperature 200°C
^R^ “ C-l sidechain, R2 = C-13 sidechain
c
No assignment made.

(%)

m -h o r 1- h o r 2-h

-—

— -

2o

c
c
(40) of Scheme 3"~16
(41) of Scheme 3— 16
S"7+
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of ring cleavages and sometimes recombinations to lead to such
species as 107 and 108 and also the tropylium ([m/e = 91) and
phenyl (m/e = 7 7 )

cations.

For convenient inspection the mass spectral data of
several of the compounds discussed in this section are listed in
Table 3-2.

3.5

The remainder are given in the experimental section.

The Structure of Melrosin A
The utility of the sodium methoxide induced transformation

of ads, eis-germacranolides into dilactones of the melampodin B
type may be seen in the structure elucidation of melrosin A (10?),
the major lactonic constituent of Metampoddum rosed (Robins.).

27
]09 R = H
M O R= Ac

Melrosin A (109),

(C 24H 28°10^ ’ mp

~

showe<i

strong UV end absorption and exhibited IR bands indicating
hydroxyl (3500 cm ^), a, 0-unsaturated-y-lactone
a , 6-unsaturated ester (1730 cm "S functions.

(1768 cm ^ ) , and

The NMR spectrum

(Figure 3-12, Table 3-3) of 109 showed absorptions for exocyclic

Figure 3-12.

200 MHz "hl-NMR spectrum of melrosin A (^J^),

(CDC13 , 27 C)
13

Irrad
H-7

7.00

6.00

5.00

4.00

3.00

2.00

1.00

vo
00

Table 3-3.

Assignment

1
a
H-NMR Parameters of Melrosin A
and Related Compounds

109b

uo c

H-l

7.22 d (7.3)

7.05 d (7.4)

H-2

4.80 ddd (7.3,
5.1, 2.1)

5.58 e

H-3

2.83 dd (15.2,
5.1)

2.86 dd (15.5, 5.5)

H-3'

2.54 dd (15.2,
2.1)

2.52 dd (15.5, 1.5)

H-5

5.75 brd (9.7)

5.76 - 5.93 e

H-6

5.23 dd (9.7,
6.6)

5.20 dd (9.9, 6.5)

H-7

3.26 m

3.37 m

H-8

5.94 dd (3.8,
2.0)

5.76 - 5.93 e

H-9

5.81 d (3.8)

5.76 - 5.93 e

H-13

6.42 d (3.3)

6.42 d (3.0)

H-13’

5.91 d (2.6)

5.76 - 5.93 e

H-15, 1 5 ’

4.36 brs
pattern)

4.88 brd (14.0) +
4.65 brd (14.0)

c o 2c h 3

3.63 s

3.62 s

-c h 3

1.94 brs +
1.87 brs

1.94 brs + 1.85 brs

vinylic (eis
to carbonyl)

6.21 brs +
5.99 brs

6.19 brs + 5 . 9 8 brs

(AA'X

Methacrylates:
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Table 3-3 continued
■j^

Assignment

UP°

IQ?

vinylic (trans 5.65 q (1.5) +
to carbonyl)
5.57 q (1.5)

5.64 q (1.5) + 5.58 q
(1.5)

OAc

2.10 s + 2.10 s

112 f
H-l

3.94 d (8.7)

3.95

H-2

2.78 m

3.82 m e

H-3

2.30 dd (15.0,
6.5)

2.26

d (8.3)

dd (14.7, 6.5)

H-3'

2.01 brd (15.0)

2.04 brd (14.7)

H-5

5.62 brd (10.0)

5.47

brd (10.0)

H-6

4.42 dd (10.0,
9.1)

4.43 dd (10.0, 10.0)

H-7

3.51 dddd (9.1,
3.5, 3.0, 1.6)

2.90 ddd (11.9, 10.0,
1.9)

5.94 dd (1.6,

5.58

dd (1.9, 1.9)

7.57

dd (1.9, 0.5)

H-8

1 .6)
H-9

7.63 d (1.6)

H-ll

3.14 ddd (11.9, 5.5,
4.1)

H-13

6.63 d (3.5)

3.79 (AA’X pattern)

H-13’

6.00 d (3.0)

3.79 (AA'X pattern)

H-15, 15'

4.14 (AA' pattern)

4.12

-0CH3

3.31 s

3.37 s and 3.31 s

(AA' pattern)
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Table 3-3 continued
Assignment

113

H-l

7.06

H-2

4.58 brddd

H-3

2.87 m e

H-3’

2.29

dd (15.2, 2.0)

H-5

5.47

brd (10.0)

H-6

5.19 brd (10.0)

H-7

2.58 m e

H-8

5.51 brdd (3.2, 0.9)

H-9

5.64

H-ll

2.87 dq (9.9, 7.3)

H-13

1.23 d (7.3)

H-15

1.94

brs

c o 2c h 3

3.72

s

Sidechain CH

2.58 m e and 2.44 septet (7.0)

Sidechain CH,

1.00-1.20 four overlapping
doublets

d (8.A)
(8.4, 4.9, 2.0)

brs

200 MHz spectra, chemical shifts in ppm vs TMS,
coupling constants in Hz; s = singlet, d = doublet,
br = broad, q = quartet, m = multiplet, e = obscured,
b = CDC13 , 55°C, c = CDC13 , 27°C.
Acetone-d^, 27°C.
6

102

methylene protons at 6.42 ppm (d, J = 3.3 Hz) and 5.91 ppm
(d, J = 2.6 Hz) as well as a three proton singlet at 3.63 ppm
attributed to the methyl protons of a carbomethoxy group.

A one

proton doublet centered at 7.11 ppm (J = 6.9 Hz) was assigned to
H-l of a 1,10-eis-unsaturated carbomethoxy system typical of cis,
cis-germacranolides and melampolides having a substituent at the
C-2 position.
That 109 contained two methacrylate sidechains was deduced
from the presence of signals typical of vinylic methyl groups at
1.94 ppm (brs, 3 H) and 1.87 ppm (brs, 3 H) together with two sets
of signals in the region where vinylic protons absorb, each set
representing one proton cis (6.21 ppm, brs and 5.99 ppm, brs) to
a carbonyl group and one proton tvans (5.65 ppm, q, 1.5 Hz and
5.57 ppm, q, 1.5 Hz) to a carbonyl group.

The mass spectrum

(Table 3-4) of 109 showed major peaks at m/e = 69

[+0eC-C(CH^^C^]

+
and m/e = 41 ( C H ^ - C ^ ^ )
sidechains.

supporting the presence of methacrylate

Peaks indicating the presence of other sidechains

were noticeably absent.
Decoupling experiments were employed to define the
substitution pattern of the medium ring.

Irradiation of a

multiplet at 3.36 ppm caused the collapse of the two doublets
assigned above to H-13 and H-13', identifying the irradiated signal
as that of H-7.

Also affected by that irradiation was a doublet of

doublets centered at 5.94 ppm (J = 3.8, 2.0 Hz), which was assigned
to H-6.

Irradiation of the H-6 signal effected the collapse of a

103

broad doublet centered at 5.75 ppm {J = 9.7 Hz), which was assigned
to H-5.

A doublet centered at 5.81 ppm (J = 3.8

Hz) was assigned

to H-9,

although the signal was too near that of

H-8 for reliable

decoupling.

Irradiation of a doublet of a doublet of doublets

centered at 4.80 ppm {J = 7.3, 5.1, 2.1 Hz) caused the collapse of
the H-l doublet at 7.22 ppm.

The irradiated signal was assigned

to H-2.

Finally a two proton broad singlet

at 4.36

ppm was assigned to the methylene protons of

position.

(AA'X pattern) centered

Because of the chemical shifts of H-2

the C-15

and H-15, 15', as

well as the related splittings, it was deduced that positions C--2
and C-15 must contain hydroxyl groups.

This was confirmed by the

reaction of 109 with acetic acid anhydride-pyridine which produced a
diacetate (110) whose NMR spectrum showed the signals corresponding
to H-2 and H-15, 15' exhibiting the expected downfield shifts
(Table 3-3).
The above spectral features suggested a strong similarity
between the structure of melrosin A (109) and that of melcanthin B
(27), a cis, cis-germacranolide previously isolated from
Melampodium teuoanthum. 9

This structural relationship was

established unambiguously by the reactions of those compounds with
sodium methoxide to give the same produce (112) as indicated in
Scheme 3-17.

Melcanthin B (27) give an approximately equal mixture

of 111 and 112 under mild conditions.
to react completely to product 112.

Melrosin A (109) was allowed
Thus in a one-step reaction

was obtained proof of the substitution pattern of the medium ring

104

HO-,

27
I eq. NaOMe
0 , 15 min.

+
ch3

III

hi

112

2 eq. NaOM e
RT, 1.5 hr.

109

Scheme 3-17.

Correlation of melrosin A (109) and melcanthin B (27)
by chemical methods.
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of melrosin A (109) as well as an assignment of the double bond
configurations.

By extension the stereochemistry of the sidechains

at positions C-8 and C-9 in melrosin A (109) should be the same as
that in melcanthin B (27), 8 and a respectively.

It was previously

suggested on the basis of NMR coupling constants that the C-2
hydroxyl group of melcanthin B (27) is a-oriented.

The H-l, H-2

coupling of approximately 8.5 Hz in 111 and 112 support this if it
is accepted that H-l and H-2 are eclipsed, i.e. the dihedral angle
between the two protons is zero degrees.

A better argument for the

a-orientation of the C-2-0H group comes from a comparison of the
chemical shift values of H-l for the compounds 111 (3.94 ppm), 112
(3.95 ppm), and compound 70 (4.16 ppm), all measured in acetone,

70.

the last compound lacking a C-2-0H group.

If the C-2-0H were

B-oriented a paramagnetic shift of the signal for H-l would be
expected due to the proximity of the OH group and the resulting
through-space deshielding but the opposite is found experimentally.
Nevertheless this assignment should still be regarded as tentative.
Additional evidence for the presence of the methacrylate
sidechains was obtained from the catalytic reduction of melrosin A

106

(109) which provided product M 3

containing two isobutyrate side

chains and lacking the C-15 hydroxyl group, evidently lost by an
unexpected hydrogenolysis (Scheme 3-18).

:o 2c h 3

Scheme 3-18.

:o 2 c h 3

Catalytic reduction of melrosin A (109).

It is on the basis of the above experimental results that
the structure 109 is put forth as that of melrosin A.
The NMR parameters of 111-M 3

are included in Table 3-3.

The NMR spectra of 111, 112, and 113 are shown in Figures 3-13,
3-14, and 3-15, respectively.

The mass spectral data of 109-113

are listed in Tables 3-4 and 3-5.

3.6

Conclusion
The difference in reactivities of the cis, cis-germa-

cranolides and melampolides toward S^2' reaction with sodium
methoxide seems to be constitute evidence for structural
preferences in cyclodecadienes for a c i s , trans combination of
double bonds as in 115 or 116 of Scheme 3-19.

Thus compounds

possessing ring structure 114 are easily isomerized while

Figure 3-13.

200 MHz "Si-NMR spectrum of
(Acetone-dg, 27°C)

•OCH

13

13
8

A
-48.00

7.0 0

6.00

3

5

ML
— 4--5.00

4.00

3.00

2.00

Figure 3-14.

200 MHz ^H-NMR spectrum of 112.
(Acetone-dg, 27°C)

-OCH

-OCH

2,13
15 1

8,5

X

8.00

7.00

6.00

X

5.00

4.00

3. 0 0

2.00
108

Figure 3-15.

200 MHz "Sl-NMR spectrum of
(CDC13, 55°C)

a,a

7.00

6.00

5.00

4.00

3.00

2.00

1.00
109

110

£

Table 3-4.

Mass Spectral Parameters of
Melrosin A and Derivatives

42

Assignment^

m/e

(%)

476

(0)

304

(2.3)

m - h o r 1- h o r 2

286

(2.2)

m - h o r 1- h o r 2- h 2 o

272

(3.8)

M-HOR1-HOR2-CH3OH

254

(2.8)

M-H0R1-H0R2-CH30H-H20

212

(16.7)

M+ ’

C10H 12°5 (uPPer Part

69

(100)

+ OSC-(CH3)=CH2

41

(41.2)

+
H 3C-C=CH2

44
Assxgnment

c

ml e

(%)

560

(0)

501

(0.5)

M-59

475

(0.8)

M-85

458

(0.5)

M-42-60

346

(1.4)

M-86-86-42

328

(1.5)

M-86-86-60

286

(8.1)

M-86-86-60-42

268

(9.0)

M-86-86-60-60

254

(9.1)

C12H 14°6 ^uPPer Part

69

(100)

+ o =c - c (c h 3)= c h 2

41

(29.7)

h

M+ *

3c - c = c h 2

Ill

Table 3-4 continued

hi

ml e

(%)

Assignment^

466

(0)

M+ ‘

378

(0.7)

M-88

364

(2.0)

M-32-70

347

(1.1)

M-31-88

308

(2.2)

M-88-70

290

(2.6)

M-88-88

258

(7.2)

M-88-88-32

230

(7.2)

M-88-88-32-CO

214

(32.9)

^10^14^5

144

(18.0)

^uPPer Part °f r:*-n g)

C10H 14°5 - 70

71

(100)

+ o s c - c h (c h 3 ).

43

(96.3)

+
H 3C-CH-CH3

70 eV electron impact spectra,
source temperature 200°C.
bR x = R 2 =
c

0=C(CH3)=CH2 .

60 = acetic acid, 86 = methacrylic acid,
42 = ketene.

Table 3-5.

Mass Spectral Parameters of
Melcanthin B Derived Dilactones

Assignment

m/e

(%)

322

(0)

304

(0.5)

m -h

293

(3.2)

M-H-CEO-

275

(2.4)

m -( h - c e o -)-h

194

(23.2)

176

(100)

166

(19.6)

126

(69.3)

91

(21.2)

77

(29.9)

69

(40.8)

M+ ‘
2o

2o

C10H 10°4
C10H 8°3
C 9H 10°3
C 6H 6°3
C 7H 7
C 6H 5
C4H 5°
46
Assignment

m/e

(%)

354

(1.2)

336

(0.7)

m -h

325

(3.0)

M-H-CEO-

307

(4.8)

m -( h - c e o *)-h

212

(25.3)

198

(62.2)

166

(27.3)

126

(100)

M+ ‘
2o

2o

C 11H 14°4
C 10H 12°4
C 9H 10°3
(upper part of ring)

Table 3-5 continued

m/e

Assignment

(%)

75

(91.7)

C4H 90 or C3H ?0 2

45

(65.9)

CH2=0-CH3

+

a

70 eV electron impact spectra, source
temperature 200°C.
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melampolides, possessing skeletons like 116 yield mostly
saponification products in their reactions with sodium methoxide.

114

115

A E = I.OO kcal/mole

116

Scheme 3-19.

V AE!3.5 9

kcal/mole

117

Relative stabilities of cyclodecadienolides.
Inner
values are steric energies (kcal/mole) above the
minimum.
(Comparisons of 114 vs 115 or 116 vs 117
are invalid.)

There is further support for this assertion.

White et al.

reported the relative stabilities of 1,5- and 1,6-cyclodecadienes
as obtained from molecular force-field calculations.47

Using

their results for conformations which closely resemble those
suggested throughout this discussion one obtains an energy
difference for paths a and b^ (Scheme 3-19) of 4.59 kcal/mole.
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If this is translated directly to a difference in activation
energies, path a would be faster than b by a factor of about 2300
at 25°C, as shown in Equation 3-1.

Routes a_ and

are not in

direct competition, however both are in competition with the same
process, i.e. saponification.

Evidently path a^ succeeds over while

path Ij loses to that competing reaction.

(4.59 x 10"^ cal mole
rate a

e (AEa /RT)

1.99 cal mole"1 °K_1)(298°K)

_ 230Q

rate
Equation 3-1

3.7

Experimental
The following generalizations may be made about equipment

and conditions with regard to data presented in this section:
IR spectra were obtained on a Perkin Elmer 621 Infrared
Spectrophotometer;
UV spectra were
Spectrophotometer using
CD spectra were

recorded on a Cary-14

Recording

methanol as solvent;
run on a Durram-Jasco

using methanol as solvent; theta

J-20 Spectrophotometer

values for wavelengths below 220 nm

bear great uncertainty due to light absorption by the solvent,
although the signs of the Cotton effects remain certain;
Melting points were determined on a Thomas Hoover
Capillary Melting Point Apparatus and are uncorrected;
NMR spectra were recorded on a Bruker WP 200 Fourier
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Transform NMR Spectrometer at 200 MHz; conditions are presented
with individual data;
Mass spectra were obtained on a Hewlett Packard 5895 GCMS
at 70 eV, source temperature 200°C; samples were introduced via
direct inlet probe.
HRMS data were obtained on a Varian MAT 711 High Resolution
Mass Spectrometer at 70 eV.
Elemental analyses were performed by Galbraith Laboratories,
Inc., Knoxville, Tennessee, U.S.A.

Reaction of melcanthin A (37) with dimethylamine.

To a

solution of 92.6 mg (0.21 mmole) melcanthin A in 5 ml benzene was
added dropwise 10 mg (0.22 mmole) dimethylamine in 0.5 ml benzene.
The solution was stirred at room temperature for 30 minutes.

The

solvent was removed in v a cuo , and the resulting oil was separated
into 4 bands by preparative thin layer chromatography (PLC).

Of the

four bands the most intense returned 48.0 mg of starting material,
the next most intense yielded 13.7 mg of a compound whose structure
was determined to be consistent with that of 65, and the remaining
two were mixtures which were not further investigated.

The product

was not identified conclusively, most of the evidence being derived
from its mass spectrum.
accompanying

odor

It decomposed at room temperature with the

of dimethylamine.

Amine adduct 65:

C ocH „ oN„0-;, oil; IR v
Zj

jo

jl

/

(film),

3475 (OH),

max

2763 (N-CH^), 1755 (y-lactone), 1725 (a,B-unsat.

ester), 1643 (double
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bond), 1230 and 1145 cm ^ (C-0); MS,

(%, assignment), 447 (1.5,

M-0CH3+ ), 402 (4.4, M-CH30'-HNMe2+ ), 350 (3.4, M--0=C-C(CH3 )=CHCH3HNMe2+ ), 334 (5.1, M-'02CC(CH3 )=CHCH3-HNMe2+ ) , 253 (15.1,
^13^19^4+

^ 8 ^12^3+ ^’ ^

ion), 58 (39.8, H 2C=NMec+ ) , 55 (18.7,
Analysis:

(28.5, angelic acid acylium
from angelic acid).

not obtained.

Reaction of melcanthin A (37) with sodium ethoxide.
Melcanthin A (81.3 mg, 0.18 mmole) was dissolved in 5 ml absolute
ethanol.

To the stirred and cooled (ice-bath) solution was added

in one portion 5 ml of absolute ethanol containing 0.40 mmole
sodium ethoxide.

The mixture was allowed to react for one hour,

after which the pH was adjusted to 4 with 5% HC1.

The solvent was

removed in v a cuo , and the residue partitioned between chloroform
and water.

The organic layer was dried over sodium sulfate and

yielded after PLC 12.0 mg (32%) cinerenin ethanol adduct 67.

Reaction of cinerenin (64) with sodium ethoxide.
Cinerenin (59.5 mg, 0.19 mmole) was reacted in the same manner as
melcanthin A with 0.28 mmole of sodium ethoxide at 0-5°C for 25
minutes.

Similar work-up provided after PLC 65.7 mg (65%) of

compound 67.
Ethanol adduct

(67) :

C^H^O^,

absorption (X
= 200 n m ) ; CD,
max
+ 4.5 x 104 ; IR v

[0]

Zjj

mp 92-94°C; UV, strong end
+ 4.1 x 104 , [0]o,o
Zl.y

(film), 3475 (OH), 1760 (y-lactone), 1098 and

1060 cm-1 (C-0); NMR, see Table 3-1; MS, see Table 3-2.
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Anal,

calcd.

(MS) 366.1687.
M

r

Calcd.

(MS) 320.1270.

Found:

for C-_Ho ,0-, (M+ ):
19 26 7

M

r

366.1678; Found:

M

r

for C ^ H o „0, (M-Et0H+ *): M 320.1260; Found:
1 / zu o
r

Calcd.

for C.,H,o0 c (M-Et0H-Ho0+ ‘) : M 302.1154;
17 18 5
2
'
r

M r (MS) 302.1147.

Reaction of melampodin B (23) with sodium methoxide.
Melampodin B (60 mg, 0.18 mmole) was suspended in 5 ml absolute
methanol at 25°C.

4.1 ml absolute methanol containing 0.8 mmole

sodium methoxide was added and the mixture was stirred at 25° for
30 min.
HC1.

The reaction was stopped by adjusting the pH to 4 with 5%

The solvent was evaporated in vaouo to near dryness, and the

organic portion of the residue was taken up in acetone.
precipitate of NaCl remained undissolved.

A fine

The organic solution was

filtered through a short column of florisil (5 g in a 25 ml buret).
The column was washed with 50 ml of acetone, and the combined
effluants were dried over N a 2 S 0^.

After filtration, evaporation,

and purification by PLC 20.2 mg 70 and 25.0 mg 71 were obtained.
Compound 70, C.1,,H.lo0 , , mp 185-187°; UV, strong end
—
A.D -Lo o
absorption;

CD,

[0]242 + 4 * 7 x 10^ > ^ 2 2 0

+ 1.4 x 10^; IR vmax (KBr pellet),

“ 7-1 X 1()4,

^205

3420 (OH), 1773 (y-lactone),

1755 (a,g-unsat.-y-lactone), 1655 (C=CH 2 ), 1248, 1100, and 1073 cm ^
(C-0); NMR, see Table 3-1; MS, 306

(6.3, M+ ‘), 274 (63.3,

M-CH30H+ ’), 256 (100, M - C H 30H-H20+ ’), 228 (49.8, M -CH30H-H20-C0+ ’),
165 (67.7, C 9H 90 3+ ), 147

(42.8, C ^ O ^ ) , 126 (34.8, C g H g O ^ ) , 91

(49.4, C 7H 7+ ), 77 (64.2, C6H 5+ ) .
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Anal, pending

Compound 71,
CD,

[0]OO£ + 4.0 x 10^,
236

gum, mp 88-92°; UV, end absorption;
[0]oin + 4.2 x 10^; IR v
(film), 3475
210
max

(OH), 1760 (y-lactone), 1185, 1100, and 1065 cm"1 (C-0); NMR, see
Table 3-1; MS, see Table 3-2.
Anal, pending

The remaining reactions between germacranolides and
alkoxides were carried out in a manner analogous to that for the
reaction of melampodin B and sodium methoxide.

The differences

consisted in the amounts of reactants, temperatures, and reaction
times.

Work-up involving filtration through a florisil column and

subsequent PLC was also employed in every case, although the
solvent for PLC was not the same for every product.

To avoid

tedious repetition in the following descriptions of these reactions
the pertinent data are merely listed.

Reaction of 4,5-dihydromelampodin B (72) with sodium
methoxide.

Reaction conditions:

60 mg (0.18 mmole) 4,5-dihydro-

melampodin B, 0.18 mmole sodium methoxide, 25°, 0.5 hr.

Results:

14.5 mg 73 and 8.8 mg 74.
Compound 73,
+ 750,

194-196°; UV, end absorption; CD,

4
[9^222 “ 6.9 x 10 ; IR v

y (KBr pellet),

3470 (OH), 1768 and 1753 (a, 8-unsat.-y-lactone) , 1645

3600 and

(0=0^) ,
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1275, 1100, and 1070 cm” 1 (C-0); NMR, see Table 3-1; MS, 308
(0.5, M+ ’), 290 (8.0, M - H 20+ ’), 258 (6.6, M-CH30H-H20+ *), 220
(33.0, C12H 1204+ '), 192 (18.2, ^ H ^ O ^ ) , 176 (25.3, C ^ H ^ O ^ ) ,
164 (39.6,

c 10H 12°2+ ) ’

126 (100’ C6H 6°3+ ) ’ 97 (41'0 ’ C 5H 5°2+ ) *

69 (61.5, C4H 50+ ).
Anal, calcd.
Found:

for C.. ,^-.0,:
ib ZU b

C, 62.30; H, 6.55; MW 308.

C, 62.05, H, 6.65.
Compound 74, C ^ H - . O ^ , mp 146-148°; UV X
212
—
17 24 7
max

(e = 8.3 x 104 ); CD,

[6]9o9 - 1.4 x 104 ; IR

max

(KBr pellet),

3460 (OH), 1770 (y-lactone), 1753 (a,8-unsat.-y-lactone), 1190,
1110, and 1085 cm” 1 (C-0); NMR, see Table 3-1; MS, 340 (1.8, M+ ’),
322 (10.7, M-H20+ ’), 308 (4.3, M-CH30H+ ‘), 290 (17.1, M-CH30HH 20+ ’), 126 (96.9, C 6H 60 3+ ’), 97 (52.6, C ^ O ^ ) , 69 (60.2,
C4H 50+ ), 45 (100, H 2C=0-CH3+ ).
Anal,
Found:

calcd. for C - ^ H ^ O ^ :

C, 59.96; H, 7.12; MW 340.

C, 59.73; H, 6.93.

Reaction of cinerenin (74) with sodium methoxide.
conditions:

Reaction

50 mg (0.16 mmole) cinerenin, 0.16 mmole sodium

methoxide, 25°, 1 hr.

Results:

36.3 mg 75 and 11.9 mg 71.

Compound 75, C ^ g H ^ O ^ , mP 134-135°; UV, end absorption;
CD,

[0]99, + 4.3 x 104 , [0]on, + 6.8 x 104 ; IR v
(film), 3475
235
’
206
max

(OH), 1750 (y-lactone), 1190, 1105, and 1060 cm 1 (C-0); NMR, see
Table 3-1; MS, see Table 3-2.
Anal, pending
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Compound 71 has been described above.

Reaction of enhydrin (82) with sodium methoxide.
conditions:

Reaction

50 mg (0.11 mmole) enhydrin, 0.22 mmole sodium

methoxide, 25°, 1 hr.

Results:

33.7 mg (0.09 mmole) 83.

Yield

86%.
Compound 83, C ^ yH 2^0g, oil; UV, end absorption; CD,

[01249

+ 7.4 x 103 , [6]__ _ - 2.1 x 104 ; IR v
(film), 3460 (OH), 1770
213
max
(y-lactone), 1725

(a,8-unsat. ester), 1150, 1095, and 1050 cm 3

(C-0); NMR, see Table 3-1; MS, 356 (0.2, M+ ’), 288 (1.6,
M-2H20-CH30H+ ’), 229 (17.7, C - ^ H ^ O ^ ) , 211 (24.7, ^ H ^ O ^ ) ,
179 (38.4, C10H u 0 3+ ), 128 (100, C g H g O ^ ) , 96 (83.4, C ^ O ^ ) , 69
(86.6, C 3H 0 2+ ), 45 (63.8, H 2C=0-CH3+ ) .
Anal, pending

Further reaction of 83 with 1 equivalent of sodium methoxide
at 25° for 24 hrs. resulted in the complete recovery of starting
material.

Reaction of tetraludin C (84) with sodium methoxide.
Reaction conditions:
sodium methoxide,

50 mg (0.095 mmole) tetraludin C, 0.21 mmole

25°, 20 hrs.

Result:

7.5 mg 32.

Yield 24%.

Compound 85, Ci7H 2 2°6’ oi^ ’ U V ’ enc* a^ sorP tion; C D > [ ^ 2 5 0
+ 2.3 x 104 , [9]onn + 1.3 x 104 ; IR v
(film), 2980 (sat. C -H),
209
max
1765 (y-lactone), 1175, 1100, and 970 cm 3 (C-0); NMR, see Table
3-1; MS, see Table 3-2.
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Anal, calcd.
(MS) 32.2.1415.
Found:

for ^ 7^ 22^6

Calcd.

322.1416; F°und:

for C . A o O ,
lb

±0

j

(M-CHLOH+ *) :

M

j

M^

290.1154;

r

M r (MS) 290.1144.

Reaction of tetrahelin B (85) with sodium methoxide.
Reaction conditions:

43 mg (0.090 mmole)

sodium methoxide, 25°, 1.5 hr.
Compound 87, C ^ H ^ O ^ ,

Result:

tetrahelin B, 0.13 mmole
19.5 mg 37 and 1.9 mg 88.

oil; UV, end absorption; CD,

[01254

+ 5.3 x 103 , [0]n1, - 4.5 x 104 ; IR v
(film), 3400 (OH), 1760
216
max
(y-lactone), 1710 (a,8-unsat.

ester), 1205, 1125, and 1020 cm 3

(C-0); NMR, see Table 3-1; MS, 356 (1.2, M+ '), 288 (9.8, M-2H20CH30H+ ’), 229 (21.1, C11H 1705+ ), 211 (82.5, C n H 1504+ ) , 128 (100,
C6H 8°3+ ) ’ 96 (61>0’ C 5H 4°2+ ) ’ 69 (79,7’ C 3H 0 2) ’ 45 (6 9 -1 >
h

2 c = o - c h 3+ ) .
Anal,

Found:
M

r

M

r

calcd. for C,,H1o0, (M-CH„0H-Ho0+ ‘):
ib lo b
5
1

(MS) 306.1090.

288.0998; Found:

M

r

Calcd.

M

r

306.1103;

for C-.JEL.-O,. (M-CH„0H-2H„0+ ’):
16 15 5
3
2

(MS) 288.0978.

In further reaction of compound 87 with sodium methoxide
only starting material was recovered.
Compound 88, C ^ H ^ O ^ ,

oil; UV, end absorption; CD,

+ 2.5 x 104 , [6]0„, + 1.6 x 104 ; IR v
(film),
ZUb
max

[0 ^ 4 7

3475 (OH), 1760

(y-lactone), 1205, 1175, and 1100 cm ^ (C-0); NMR, see Table 3-1;
MS, see Table 3-2.
Anal,
Found:

M

r

calcd.

for C n ,H1o0, (M-CH_0H+ *):
16 18 6
3

(MS) 306.1107; Calcd.

288.0998; Found M r (MS) 288.0971.

M

r

306.1103;

for C..,H..,Oc (M-CHo0H-Ho0+ *):
16 16 5
3
2

M

r
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Isolation of melrosin A (109).
Melampod'tum vosei, (Robins.)

Stems and leaves (500 g) of

(collected in Nayarit, Mexico on

Sept. 8, 1976, Hartman-Funk No. 4288, voucher at Ohio State
University Herbarium, Columbus, Ohio) were extracted and worked up
as previously described

to yield 5.46 g of crude syrup.

The syrup

was chromatographed over 350 g Sigel 60 with isopropyl alcohol:
benzene (1:9) as eluant.

A total of 131 fractions of 50 ml size

were collected before the column was purged with methanol.
Fractions 67-131 provided 346 mg of nearly pure melrosin A (109).
Because of the presence of sidechain homologues a sample of
melrosin A for analysis was obtained by purification using HPLC.
With a solvent mixture of M e O ^ ^ O i H O A c

(50:49:1) and a flow rate

of 2 ml/min, melrosin A had a retention time of 24.5 min on a
Waters y-Bondapak C-18 reverse phase column (7.8 mm i.d. x 30 cm,
10 micron particle size).
Melrosin A (109), C o .Hoo0 ir., mp 159-161°; UV, end
—

J.U

2o

absorption; CD, [ e ^ g “ 8,7 x l o 3 > ^6 ^238 + 6,5 X 1()4’ ^ 2 1 9
4
- 3.2 x 10 ; IR
(film), 3475 (OH), 1768 (a,g-unsat.-y-lactone),
1730 (a,8-unsat. ester), 1640 (double bonds), 1143, 1043, and
995 cm” 1 (C-0); NMR, see Table 3-3; MS, see Table 3-4.
Anal, calcd.
Found:

for C o/H oo0 1 A :
24 28 10

C, 60.47; H, 5.94; MW 476.

C, 60.63; H, 5.94.
Anal, calcd.

304.0947; Found:

for C-.-H.-O,. [M-2(methacrylic acid)
io

lb

b

M r (MS) 304.0928.

"f"*

1:

M

r
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Acetylation of melrosin A (109).

Melrosin A (25 mg, 0.05

mmole) was dissolved in 0.75 ml acetic anhydride.

Four drops of

anhydrous pyridine were added, and the mixture was stirred at 25°
for 1.5 hr. after which TLC indicated that the starting material
was used up.

Excess acetic anhydride and pyridine, as well as any

acetic acid, were removed by evaporation under oil pump vacuum.
The residue was purified by PLC to yield 18.2 mg (60%) of
diacetate 1JL0.
Melrosin A diacetate (110), C ooH „ o0 1 o , oil; UV, end

Zo 5Z LZ

—

absorption; CD,
(film), 1770

[0]„7

z 11.

- 3.8 x 10^,

[0]9 o, + 8.1 x 10^; IR v

Z5Q

irictx

(a,8-unsat.-y-lactone), 1735 (esters), 1640 (double

bonds), 1240, 1140, 1033, and 1000 cm ^ (C-0); NMR, see Table 3-3;
MS, see Table 3-4.
Anal, pending

Catalytic reduction of melrosin A (109).

Melrosin A

(50 mg, 0.11 mmole) was reduced catalytically at atmospheric
pressure using 25 ml anhydrous methanol as solvent and 40 mg of
prereduced 5% Pd/C as catalyst.

The consumption of 7.4 ml (0.33

mmole) of hydrogen was allowed over a period of 30 minutes.
mixture was filtered,

The

the solvent evaporated, and the residue

chromatographed to give 4.7 mg of reduction product 113.
Compound 47:
- 3.9 x 10^; IR vmax

^24^34^9*

enc* absorption; CD,

[® ]220

(film), 3455 (OH), 1755 (y-lactone), 1740

125

(sat. ester), 1728 (a, 8-unsat. ester), 1198, 1145, and 1050 cm ^
(C-0); NMR, see Table 3-3, MS, see Table 3-4.
A n a l . pending

The reactions of melcanthin B and melrosin A with sodium
methoxide are analogous to that of melampodin B (see above) and
are treated as such.

Reaction of melcanthin B (27) with sodium methoxide.
Reaction conditions:

60 mg (0.13 mmole) melcanthin B, 0.26 mmole

sodium methoxide, 0°, 15 minutes.

Result:

10.6 mg 111 and 15.9

mg 112 .

Reaction of melrosin A with sodium methoxide.
conditions:

Reaction

50 mg (0.11 mmole) melrosin A, 0.22 mmole sodium

methoxide, 25°, 1.5 hr.

Result:

16.2 mg 112.

Compound 111, ^ ^ H ^ g O ^ , m P 223-225°; UV, end absorption;
CD,

£Q ]243 + 2 '1 x 1 q 4 » £0 J219 “ 4,9 X 1C,4; IR Vmax ^KBr Pellet) »

3420 (OH), 1775 (y-lactone), 1753 (a, 8-unsat.-y-lactone), 1638
(C=CH2), 1070, and 985 cm -1 (C-0); NMR, see Table 3-3; MS, see
Table 3-5.
Anal, pending

Compound 112, C ^ H ^ O g ,
CD,

gum, mp 95-100°; UV, end absorption;

[e].,0, + 3.1 x 104 , [0]oin + 5.0 x 104 ; IR v
J.5I
Z±U
max

(KBr pellet),

3420 (OH), 1775 (y-lactone), 1753 (a, 8-unsat.-y-lactone, 1070 and
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997 cm

(C-0); NMR, see Table 3-3, MS, see Table 3-5.
Anal, pending.

Chapter 4
THE CIRCULAR DICHROISM OF GERMACRANOLIDES FROM THE GENUS
ME LAMPODIUM AND RELATED COMPOUNDS
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4.1

Introduction
Over the last twenty years the successful application of

optical rotatory dispersion (ORD) and circular dichroism (CD)
toward problems involving the structure elucidation of organic
natural products has been firmly established.1+8
Plane polarized light1*9 may be considered to be the
resultant of two circularly polarized beams having equal intensity
and period but opposite polarization as shown in Figure 4-1.

Figure 4-1.

Plane polarized light.
The right-handed and lefthanded circularly polarized beams rotate in clockwise
and counterclockwise directions, respectively, when
viewed by an observer looking at the source.

If one circularly polarized component is transmitted
through a medium at a different speed than the other circularly
polarized component, rotation of the plane of polarization results
(Figure 4-2).

Figure 4-2.

The amount of rotation is dependent upon the

Rotation of the plane of polarized light.
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difference
medium.

in

velocities and the distance traveled through the

This dependence is given by the Fresnel equation

(Equation 4-1), in which a is the angle of rotation in radians, n

a

and n

R

=

ti

(n

Li

- n )1/A
i\
vac

Lt

(Eqn. 4-1)

are the refractive indices of the component beams, 1 is the

distance traveled through the "optically active" medium, and ^vac
is the common wavelength of the two beams traveling through a
vacuum.

After converting from radians to degrees and incorporating

a concentration dependence for solution media
restated

as the more familiar relationship

theequation may be

of Equations

4-2a and b.

a = [a]^lc

(Eqn. 4-2a)

[a]J =

(Eqn. 4-2b)

In these equations a is the observed rotation in degrees, 1 is the
distance traveled through the medium in decimeters, and c is the
concentration in g/ml.

The proportionality constant

[a], called

the specific rotation is then a physical constant of the medium for
a particular wavelength

A and temperature T.

The variation of optical rotation with wavelength is termed
the optical rotatory dispersion (ORD).

In ORD measurements the

quantity most often reported is the molecular rotation [4>], related
to [a] by Equation 4-3, which converts the concentration dependence
to one of molarity, facilitating comparison of the spectra of
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[„) , ..(.°1i.
i°olB.c.ular.wt.)

different compounds.

(Eqn_ 4_ 3)

Normally the magnitude of the ORD is found to

increase with decreasing wavelength as in curves a and b of
Figure 4-3.

The curves a and b are termed plain curves.

Figure 4-3.

By

Plain ORD curves.

convention the sign of the rotation is positive for clockwise
rotation and negative for counterclockwise rotation of the plane of
polarization as viewed by an observer looking at the source.
In the region of an absorption band anomalous behavior is
observed.

This is because at absorbed wavelengths the two

circularly polarized beams are not only propagated at different
velocities, but they are also absorbed to different extents.
differential absorption is termed circular dichroism (CD).

The
As

shown in Figure 4-4 the resultant curve in the ORD is S-shaped with
the anomalous portion referred to as a Cotton effect
of the difference in molar absorptivities

(Ac = c

Li

(CE).

A plot

- e ) of the
R

left and right-handed circularly polarized beams versus wavelength
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+

CE

i
• +CE

+

CE

Figure 4-4.

Relationship between effects exhibited in UV (top),
CD (center) and ORD (bottom) spectra.
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exhibits a maximum (positive CE) or minimum (negative CE) depending
upon which circularly polarized beam is absorbed to a greater
extent.

Furthermore the wavelength of the extremum of a CD curve

corresponds to the inflection point of the ORD signal, and both of
these correspond to the absorption maximum in the UV spectrum of
the medium.

Often transitions which produce only weak signals in

an absorption spectrum show strong Cotton effects in their CD or
ORD spectra.
A physical result of circular dichroism is that the emergent
beam which consists of the two differentially absorbed circularly
polarized beams is best described as neither plane nor circularly
polarized but as elliptically polarized.

That is, the resultant

vector which represents the wave oscillation varies harmonically
about an elliptical path as illustrated in Figure 4-5.

Figure 4-5.

Elliptically polarized light.

An ellipse is characterized by a major and a minor axis, a
and b, respectively, as well as by the ellipticity defined in
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Equation 4-4a.

By analogy to Equations 4-2a and b there are defined

¥ = arctan (b/a)

(Eqn. 4-4a)

['E] = y/lc

[6] =

a specific ellipticity

(Eqn. 4-4b)

(molecular wt.)

[¥] and a molar ellipticity

(Eqn_ 4_4c)

[0] which

characterize circular dichroic behavior and are defined in Equations
4-4b and c.

The molar ellipticity is the quantity most often

reported in the literature, followed by Ae, and they are related by
Equation 4-5.
[0] = 3300 Ae

The origin
dissymmetry of

(Eqn. 4-5)

of circular dichroism lies in

either the inherent

the chromophore involved or the existence of a local

environment which produces a dissymmetric perturbation upon that
chromophore.

It is the latter situation which has been exploited

most profitably in the structure elucidation of organic natural
products.

The most striking example of this is the so-called octant

r u l e 50 which has emerged as a semiemperical approach which relates
■k

the sign of the Cotton effect observed for the n -*■ ir

transition of

optically active ketones to the spatial arrangement of peripheral
atoms in a molecule containing that chromophore.

In the analysis

planes which represent the symmetry planes for the filled non-bonded
oxygen orbitals and the unfilled

it

orbital of the carbon-oxygen double
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bond are drawn through the inherently symmetric carbonyl chromophore as in Figure 4-6.

Substituents are found to contribute to

2
rear

Figure 4-6.

o ctants

The octant rule.

•k

the

sign of the Cotton effect in the n -*■ n

the

sign of the octant in which they lie.

transition according to
This approach has been

extremely successful in the assignment of configuration at various
positions in the structure elucidation of steriods.51

4.2

The CD of Sesquiterpene Lactones
The most significant application of CD spectroscopy in the

structure elucidation of sesquiterpene lactones has been concerned
with the position of attachment and stereochemistry of the lactone
ring.

Stocklin, Waddell, and Geissman214 measured the Cotton

A
effects for the n -> tr transition of a large number of sesquiterpene
lactones.

Based on their results they formulated the rule

illustrated in Figure 4-7.

C-6 cis-fused lactones were found to

exhibit a positive Cotton effect in the range of 241 - 261 nm,
corresponding to the n ->■

it

transition of the a,6-unsaturated-y-
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lactone chromophore.

Any change in either position of lactoni-

zation or configuration at that position was accompanied by a
reversal in the sign of the Cotton effect.

position/ring fusion

Figure 4-7.

ois

C-6

+

C-8

-

trans

+

Stocklin, Waddell, Geissman rule for the CD of sesqui
terpene lactones.

Although Geissman's rule is obeyed by a large number of
compounds and is still frequently invoked, several notable exceptions
exist.52

Furthermore these exceptions occur more frequently among

certain structural types including guaianolides and the heliangolide
and melampolide subclasses of germacranolides.
A more successful correlation was presented by Beecham53,
who suggested that the sign of the Cotton effect associated with the
*
n -v

tt

transition is determined by the chirality of the a,|3-

unsaturated carbonyl chromophore of the lactone.

That is, because

of the torsional strain associated with fusion to the medium ring,
the chromophore would be expected to deviate slightly from
coplanarity,

the direction of deviation determining the sign of the
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Cotton effect.

According to Beecham’s analysis a chromophore

which possesses left-handed chirality (negative torsion angle m)
is associated with a negative CE, which a chromophore which
possesses right-handed chirality (positive torsion angle u>) is
associated with a positive CE.

This is illustrated in Figure 4-8.

+ CE
Figure 4-8.

-CE

Beecham's rule for a, (3-unsaturated lactones.

Beecham's analysis was enhanced by the x-ray investigations
of McPhail and coworkers5t+ ’ 55 who pointed out the angular relation
ships inherent in the structures of sesquiterpene lactones.
Table 4-1 contains some of the torsion angles established by x-ray
for several representative germacranolides.
the table the angles

and

As is apparent from

are usually paired in sign with each
*

other and also with the sign of the Cotton effect for the n -»■ u
transition.

The exception to this is the germacranolide alatolide

in which the chromophore is planar at least in the crystal.
Figure 4-9 illustrates how the angle

depends upon the angle

which in turn reflects the medium ring conformation.
Assuming tetrahedral hybridization at carbons C-6 and C-7,
if

is greater than 120°, then

when i i s

less than 120°,

should be positive.

should be negative.

For

Conversely
near 120°
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Figure 4-9.

Effect of medium ring conformation upon lactone torsion
angle.

distortion from the ideal hybridization would be the determining
factor with regard to

The importance of this correlation is

that the conformation of the medium ring as reflected in the angle
is largely determined by the configurations of the double bonds
at the 1(10) and 4,5 positions.

This is borne out in Table 4-1 by

the general uniformity both of angles and of Cotton effects
exhibited within the individual subclasses of germacranolides.

In

the case of melampolides and related compounds the relationship
between structural features surrounding the lactone and the
appearance of the CD spectrum is complicated by the presence of an
a,3-unsaturated ester group incorporated into the medium.

The

effect of this will be discussed below.

4.3

The CD of Melampolides
The structural trademark of sesquiterpene lactones of the

genus Melampodium is oxidation of the C-14 position.

Thus

melampolides and cis, ais-compounds isolated from the genus are
usually found to incorporate an a,3-unsaturated carbomethoxy group
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Table 4-1.

Correlation of Torsion Angles and Cotton Effects
for Representative Germacranolides

8rr
J5

“l =

13

01 - C6 - C7 - Cll
w2 =
(o3 = 02 - C12 ■- Cll - C13

lO M w 3

n

Structure

C5 - C6 - C7 - C8

2

type3

b
“l

u>2

3

costunolide

GG

+89

-25

tamaulipin A

GG

+87

eupatolide

GG

parthenolide

CEC

Ref.

-10

-

45

-24

-10

-

56

+90

-27

-12

-

57

GG

+96

-22

-7

-

58

alatolide

GG

+93

-19

0

-

59

eupaformonin

GH

+135

+14

+9

+

55

woodhousin

GH

+131

+11

+10

+

60

melampodin A

GM

+76

-35

-19

+d

42

enhydrin

GM

+95

-26

-7

+d

43

melnerin A

GD

+143

+21

+8

+d

18

melampodin B

GL

+94

-24

-17

+

10

Compound

£

GG = germacrolide, GH = heliangolide, GM = melampolide,
GD = 4,5-dihydrogermacranolide, GL = leucantholide.
Angle rounded to nearest degree.
c

Sign of CE observed in region assigned for n
(A = 235-260 nm).

*
tt

transition

dCE not assigned to transition involving 12,6-lactone.
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as part of the medium ring, while leucantholides by definition
contain a second lactone connecting carbons 8 and 14 (Figure 4-10).
It is this presence of a second chromophore which complicates the

Figure 4-10.

Oxidation of C-14 in germacranolides from Melampodium.

application of CD rules intended to define the nature of the C-7
attached methylene lactone.

To examine the effect of the additional

chromophore a CD study of the germacranolides from Melampodivun
was undertaken, and the results are described below.
Table 4-2 lists the Cotton effects observed for a series
of fifteen closely related melampolides.

Structural variations

involve the sidechains at the C-8, C-9, and C-15 positions.
case three bands are observed.

In each

A short wavelength CE is exhibited
A

within the range 213 - 226 nm, corresponding to a

it

-*

tt

type

transition, and its sign is negative throughout the series.

A long

wavelength CE occurs within the range 260 - 275 nm, and its sign is
consistently negative although its intensity is much weaker than
that of the first.

At intermediate wavelengths

(246 - 250 nm)

there appears a band which might easily be overlooked in any given
spectrum.

Yet its existence as a local maximum is supported by the

Table 4-2.

CD Spectral Features1 of Selected Melampolides

Name of
Compound

Structure

R ^ 2 *3

R 2 2 »3

R^

118a

OAc

A

H

213 (-4.4

X

4
10^)

249 (-6.0 X io2)4

260 (-1.2

X

103)

tetraludin A

1.181)

OB

A

H

213 (-1.0

X

105)

248 (-1.5

X

10V

260 (-2.6

X

io3)

tetraludin B

84

OB'

A1

H

214 (-1.2

X

105)

247 (-2.9

X

ioV

260 (-3.6

X

io3)

tetraludin C

118 c

OC

B

H

215 (-7.6

X

io4)

247 (+6.4

X

io2)

265 (-1.6

X

10 )

118d

OAc

D

H

215 (-1.5

X

io5)

246 (+1.8

X

103)

270 (-2.3

X

10 )

118e

OAc

D1

H

215 (-7.1

X

io4)

248 (0.0)1t

262 (-2.5

X

10 )

118 f

OB

E

H

226 (-4.8

X

10 )

248 (-3.9

X

IO2)4

265 (-2.7

X

10 )

H8g

OH

F

H

213 (-2.4

X

io4

246 (+2.6

X

io3)

272 (-6.0

X

10 )

A1

([9])

X2

([6])

A3

([9])

3

tetraludin D

3

4

tetraludin H

3

polydalin

3

2

tetraludin I
polymatin A

Table 4-2 continued

R3

Name of
Compound

R^2 ’3

R 2 2 ’3

118h

OAc

G

H

214 (-7.7

X

104 )

250 (0.0)1*

260 (-2.6

X

3
10 )

tetrahelin A

86

OAc

G

OH

215 (-5.6

X

4
10 )

250 (O.O)4

275 (-9.3

X

2
10 )

tetrahelin B

118i

OC

I

H

214 (-1.2

X

105)

249 (0.0)^

260 (-3.6

X

3
10J)

tetrahelin C

118j

OAc

I

H

214 (-8.8

X

4
10 )

250 (0.0)1*

261 (-4.5

X

3
10 )

tetrahelin D

118k

OJ

I

H

215 (-1.2

X

105 )

250 (O.O)4

263 (-5.1

X

3
10 )

tetrahelin E

118 i

OAc

I

OH

213 (-5.2

X

104

250 (0.0)4

261 (-1.0

X

io3)

tetrahelin F

118m

H

I

H

218 (-5.8

X

104 )

249 (-3.0 x IO3)1*

265 (-7.0

X

103)

melampolidin

Structure

xi

del)

([91)

X2

X3

([01)

1

Samples measured in MeOH at 25-30°C.
having units of deg cm^ decimole- -*-.

Cotton effects are reported as [8] = molar ellipticity,

2
Primes indicate epimers

*

'

,0 = ^ V ' ° " 1

i*
Local maximum.

(stereochemistry not established).

E"

^

•

F=
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Figure 4-11.

CD spectra of melampodin A (x-x-x) and tetraludin A
(*-*-*) .
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frequency of occurrence although the actual value for some compounds
is zero or even negative.

The spectra of

tetraludin

A (118a) and

melampodin A (81) which illustrate this point are shown in
Figure 4-11.
A possible explanation for the occurrence of a local maximum
with a negative value is provided by Figure 4-12.

In effect the

+
m

Figure 4-12.

Superposition of Cotton effects in the CD of
melampolides.

local maximum has a negative sign because it results from the
superposition of two Cotton effects of different sign.

In case (a)

the negative contribution arises from a real CE whose minimum
occurs at a wavelength longer than that of the positive CE.

In

case (b) the negative contribution results from the tailing of the
strong negative CE which occurs at shorter wavelengths.

The data in

Tables 4-3 and 4-4 help to resolve the question of which case
corresponds to reality.

Except for leucanthin A (119), which will

Table 4-3.

Structure1

CD Cotton Effects Exhibited by a Series of Compounds
Related to Leucanthin A

Compound

A

([0])

A

([0])

leucanthin A (119)

206 (-3.8 x 104 )

262 (8.4 x 103)

melampodin A (81); R^ = H,
R 2 = Epang

214 (-1.2 x 105 )

244 (3.7 x 104 )

melampodind
melampodinin A (120); R^ = Ac,
R 2 = Epangac

213 (-1.5 x 103)

246 (3.2 x 104 )

melampodin A, 11,13-dihydro9a-methylbutyrate (121)

215 (-1.7 x 105 )

249 (3.5 x 104 )

Cf

o 2ch 3

omb
pang

Table 4-3 continued

Compound

Structure1

^

([9])

X

([9])

co 2c h 3

/
O'”

.'OR

leucanthin B (122); R = Ac

210 (-5.2 x 104 )

245 (1.2 x 104 )

9-desacetylleucanthin B (123);
R = H
~~

200 (-3.1 x 104 )

242 (1.0 x 104 )

leucanthinin (124)

222 (-6.2 x 10 )

243 (3.0 x 10 )

>»«OEppng

pong

NO"

Ep.P,.^

^

Table 4-4.

Structure1

CD Cotton Effects Exhibited by a Series of Melampolides
Related to Enhydrin

Compound

A

A

([0])

([9])

enhydrin (82); R = A c

223 (-3.4 x

104 )

245 (9.4 x 103)

longipilin (125); R = H

216 (-5.4 x

IQ4)

247 (7.1 x 103)

11,13-dihydroenhydrin (126)

220 (-4.1 x 10 )

248 (8.5 x 103)

102CMj
.OH
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Table 4-4 continued

Structure1

Compound

87
ICHS

E pang

A

([9])

216 (-4.5 x 104 )

A

([9])

245 (5.3 x 103 )
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be discussed subsequently, none of the compounds in the tables
exhibits a CE minimum at a wavelength longer than 250 nm.

If one

assumed that for these compounds a positive CE near 250 overwhelms
a negative CE at slightly longer wavelengths, then one would expect
to see at least a local minimum as depicted in Figure 4-13.

+

Figure 4-13.

A

+

Superposition of a strong positive CE and a weaker
negative CE.

local minimum with a positive value is not observed for any of the
compounds in Tables 4-3 and 4-4.

On the basis of this it is

postulated that for the compounds in Table 4-2 the local maxima
reported at wavelengths near 250 nm are true Cotton effects, while
the minima reported at longer wavelengths above 260 nm are artefacts
due to the supperposition of a positive CE and the tail of the
strongly negative CE at short wavelength, as in case (b) of
Figure 4-12.
Tables 4-3 and 4-4 also provide information leading to the
assignment of the positive CE in a particular chromophore in the
molecule.

It is significant that leucanthin A (119) displays a

positive CE at 262 nm because it is the only compound presented

149

which has a double bond in the 2,3 position extending the
conjugation of the 1(10) chromophore.

Furthermore it is observed

that neither reduction of the lactonic exocyclic double bond
(cpds. 121, 126) nor addition of alkoxide to the C-13-position
(cpds.

83, 87) affects either the wavelength or intensity of the

positive CE near 250 nm.

Also variation or loss of either side-

chain produces no major change.

By process of elimination therefore

the long wavelength CE exhibited by melampolides must be attributed
to the only remaining chromophore, the a,3-unsaturated carbomethoxy
group.
A similar analysis of the short wavelength negative CE
observed in the CE spectra of melampolides leads to the conclusion
*

that it results from a

tt

carbomethoxy chromophore.

-*•

it

transition of the a, 6-unsaturated

Although Table 4-3 suggests a relation

ship between the minimum wavelength of that CE and the nature of the
unsaturation of the C-4,5 bond, this cannot be concluded when the
data of Table 4-4 are taken into consideration.
The CE spectral patterns exhibited by melampolides are
repeated in the spectra of the closely related melnerins18’19 and
the repandin series61 whose data are given in Tables 4-5 and 4-6,
respectively.
While the data identify the chromophore associated with the
major bands observed in the CD spectra of melampolides, they do not
reveal the dissymetry which actually causes the dichroism.

Table

4-7 lists the torsion angles associated with the a,8-unsaturated

Table 4-5.

Structure

R1

V

A1

CD Data of the Melnerins

([0])

X2

( te])

Compound

127a

H

A

212 (-9.0 X 104 )

248 (1.0 X 104 )

melnerin A

127b

H

B

211 (-8.2 X 104 )

253 (9.4 X IO3)

melnerin B

127c

OAc

A

213 (-9.9 X io4)

249 (9.8 X 103)

9-acetoxymelnerin A

127d

OAc

B

213 (-1.2 X 105 )

248 (1.4 X io4)

9-acetoxymelnerin B

Table 4-6.

Structure

V

R2

X1

CD Data of the Repandlns

([0])

a2

([0])

Compound

A

C

215 (-1.7 x 105)

251 (1.2 x 104 )

repandin A

128b

B

C

207 (-1.8 x 105 )

249 (1.0 x 104 )

repandin B

128c

A

D

213 (-1.3 x 105 )

4
249 (1.3 x 10 )

repandin C

128d

B

D

212 (-2.8 x 105)

4
247 (2.5 x 104 )

repandin D

°II

>
II

»—*

i
1

128a

Table 4-7.

Torsion Angles Associated with the a,8-Unsaturated Carbomethoxy
Chromophore of Germacranolides from Melampodin.

= Cl - CIO - C14 - 01

CH3 o

u>2 = C2 - Cl - CIO - C9

u 3 = C2 - Cl - CIO - C14

A
Compound

2

W1

u)3

CE

( it

-*

it

A
)

CE (n -*■

tt

)

Reference

enhydrin (82)

-150

+4.9

-173

-

+

43

melampodin A (81)

-172

+4.4

-174

-

+

42

melnerin A (127a)

+2

-4

+178

-

+

18

153

carbomethoxy group for three compounds which have been X-rayed.
The data are not consistent with any relationship between chirality
of the chromophore and sign of the Cotton effect.

An allylic

oxygen effect has been described for certain a,B-unsaturated
carbonyl chromophores.62

That effect cannot be of importance here

since at least three of the examples (118m, 127a, 127b) do not
contain an oxygen function at such a position.

The explanation

which remains is the overall dissymmetry of the molecule.
Unfortunately the examples presented here do not test this idea
since their basic skeletons are structurally uniform.

4.4

The CD of ais, cis-Germacranolides
Table 4-8 lists the Cotton effects observed in the CD

spectra of several related cis, cis-germacranolides.

The most

notable feature of these data is their remarkable similarity to the
data obtained for melampolides.

In view of the structural

similarity with respect to the responsible chromophore this is not
surprising.

On the other hand it is not known what bearing this

similarity has on the supposed conformational and configurational
differences between the two structural types, which were discussed
in Chapters 2 and 3 of this dissertation.

It may be noteworthy
*

that the maxima corresponding to the n -»■

it

transition occur

uniformly at wavelengths slightly shorter (235 - 244 nm) than those
for melampolides (246 - 250 n m ) .

Table 4-8.

A1

CD of cis, ai-s-Germacranolides

X2

([0])

([0])

R1 1

R2

R3

Ac

A

H

220 (-1.0 X 103 )

243 (3.0 X 103)

Ac

B

H

4
210 (-2.1 X 10 )

235 (4.4 X

Ac

C

H

Ac

A

Ac
C

X3

([0])

Compound

<5.6)

—

melcanthin A

io3 )

—

melcanthin E (129a)

4
212 (-1.0 X H T )

3
235 (4.4 X 10 )

—

melcanthin D (129b)

OH

4
218 (-7.4 X 10 )

3
244 (4.0 X 10 )

—

melcanthin B (27)

B

OH

214 (-1.6 X

io4 )

3
239 (1.1 X 10 )

261 (-5.8 x 102)

melcanthin C (129c)

C

OH

219 (-3.2 X 10 )

A
238 (6.5 X 10 )

258 (-8.7 x 103)

melrosin A (109)

Table 4-8 continued

A

([0])

220 (-3.9 x 104 )
248 (-3.5 x 10^) local maximum?
(113)

=J l y j

,

B =A ^

• C=

155

156

4.5

The CD of Leucantholides
The CD spectral patterns exhibited by the dilactones

isolated from the genus Melampodium and their derivatives introduce
additional complexity into the problem of establishing relation
ships between structure and CD Cotton effects.

As listed in

Table 4-9 leucantholides exhibit up to four distinct bands in
their CD spectra.

In the case of the shortest wavelength band a

strong positive CE is observed at the last reading.

Solvent

absorption precludes accurate measurement at shorter wavelengths.
This is followed by a negative CE near 220 nm reminiscent of that
observed for melampolides and ais, cis-germacranolides.

Also in

common with the latter is a positive CE which occurs in the 238 243 nm region.

Finally the erstwhile negative CE at longer

(>270 nm) wavelengths appears occasionally.
In contrast to melampolides and cis, cis-germacranolides
the negative CE near 220 nm exhibits less intensity than the
positive CE near 240 nm.

A reasonable

explanation

for this might

be that because the negative band lies between two positive bands
its intensity is diminished by superposition.

The CD spectrum of

melampodin B (23) is presented in Figure 4-14 as an example for
this class of compounds.
Beecham53 has discussed the CD spectra of a,8-unsaturatedy-lactones with endocyclic double bonds corresponding to the 14,8lactone in the leucantholides.

He observed a relationship between

the chirality of the skewed chromophore and the sign of the Cotton

Table 4-9.

CD Data of Leucantholides

HO

R1
Ac

R2
H

A1

([9])

A2

([9])

A3

([9])

A4

([0])

Compound

210 (1.9 X 104)

220 (-8.3 X 103)

238 (5.4 X io3)

2
277 (-5.4 x 10^)

melampodin B (23)

2
280 (-6.6 x 10^)

cinerenin (64)

Et

H

—

218 (-4.1 X 104 )

240 (4.7 X io4)

Me

H

205 (1.5 X 105)

4
220 (-7.1 X 10 )

242 (4.7 X io4)

—

Me

OH

205 (8.3 X io4)

4
219 (-4.9 X 10 )

243 (2.1 X io4)

—

70
111

157

158

THETA

45000.

-15000.
-35000.
■.» i * »■« * *-«-i
200 . 220 . 240 . 260 . 280 . 300.
NM

Figure 4-14.

CD spectrum of melampodin B (23).

*

effect for the n -*■it

transition.

Because X-ray results have

indicated that the C=C-C=0 portion of the 14,8-lactone in
melampodin B (23) is not skewed but entirely planar, the results
here may constitute exceptions to his findings.
A surprising result is found in the CD spectra of
dilactone 13-alkoxide adducts prepared from leucantholides.

The

data in Table 4-10 reveal only positive Cotton effects, one in the
range 206 - 214 n m and the other near 235 nm.

This would tend to

imply that the negative CE observed for leucantholides in the 206 214 nm region must be due to the 12,6-lactone in contrast to the
corresponding results described above for melampolides.

Coincident

with the disappearance of the negative CE at short wavelengths is
the disappearance of the negative CE observed at long wavelengths
(>270 nm) in the spectra of leucantholides.

Table 4-10.

CD Data of Dilactone Alkoxide Adducts
0
RZ'-./XV-J
HO— /

rv

'o-

([0])

Compound

R2

R3

Et

H

Et

214 (4.5 x 104 )

235 (4.1 x 104 )

67

Et

H

Me

206 (6.8 x 104 )

235 (4.3 x 104 )

75

Me

H

Me

210 (4.2 x 104 )

236 (4.0 x 104 )

71

Me

OH

Me

210 (5.0 x 104 )

237 (3.1 x 104 )

112

X1

X2

([0])

R1

159

160

The two dilactones 85 and 88 which were prepared
synthetically from melampolides, and therefore possess 4,5-trans
double bonds show results similar with those above (Table 4-11).

Table 4-11.

R

A

CD Data of 4,5-t:rans-Dilactone
Alkoxide Adducts

([0])

A2

Compound

([6])

H

209 (1.3 x 104 )

250 (2.3 x 104 )

85

OH

206 (1.6 x 104 )

247 (2.5 x 104 )

88

One difference is that the maximum of the long wavelength Cotton
effect occurs near 250 nm, about 10 nm longer wavelength than that
of the corresponding 4,5-eis-dilactones.
Finally the two non-lactonized 9 ,10-trans-germacranolides
45 and 46 provide another interesting result

(Table 4-12).

While

both compounds show a positive CE near 220 nm, neither exhibits a
long wavelength positive CE.
near 250 nm.

Indeed each exhibits a negative CE

This effect must be real since no other negative

Cotton effects are observed in their CD spectra.
Beecham63 has discussed the CD spectra of saturated
y-lactones.

His analysis provides the result that the sign of the
*

Cotton effect corresponding to the n -*■

tt

transition (in this case

X - 220 nm) is related to the position of the 8-carbon with respect
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Table 4-12.

R

CD Data of 9,10-trans-Germacranolides

(t®])

^2

([6])

Compound

6-CH3

222 (3.1 x 105 )

246 (-2.1 x 103)

45

a-CH3

218 (1.5 x 104 )

248 (-1.0 x 103)

46

to the plane containing the atoms C^-CO-O-C^ of the lactone.

As

shown in Figure 4-15 structure I is associated with a positive CE,
while its enantiomer II would be expected to show a negative CE.

I( + CE)

III (+CE)

II (-CE)

Figure 4-15.

Beecham's rule for saturated y-lactones.

Germacranolides with a C-6-trans orientation of the lactone have an
arrangement

(III) which corresponds roughly to that in I.

Thus the
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absence of negative bands in the CD spectra of the 13-alkoxide
adducts of the dilactones are at least not inconsistent with
Beecham's conclusions regarding saturated y l a c t o n e s .

In the case

of 45 and 46 the negative CE can certainly be attributed to the
it

n -+

it

transition of the a,0-unsaturated carbomethoxy chromophore
it

since it occurs at wavelengths much too long for the n

tt

transition of a saturated lactone.

4.6

Conclusion
The data presented in this chapter illustrate the

complexities involved in relating chiroptical events to the
structural features of molecules possessing several chromophores.
In the final analysis of the compounds investigated here an
encompassing formulation remains elusive.

Nevertheless it should

be pointed out that each of the groups presented, melampolides,
ois, eis-germacranolides, dilactones, and all of their derivatives
maintain a high degree of internal consistency so that even in the
absence of theoretical justification there is established a basis
for the empirical correlation of structures.

That is, the effect

may be utilized while the cause remains obscure.

4.7

Experimental
CD spectra were obtained on a Durram-Jasco J-20

Spectromoter using methanol as solvent.

Some of the compounds for

which theta values are given were previously isolated in this
laboratory or prepared previously as derivatives of the isolates.
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Data taken from published works are referenced.

The remaining

compounds are described in Chapters 2 and 3 of this dissertation.
Theta values for wavelengths below 220 nm bear great uncertainty
due to the light absorption by the solvent, although the signs of
the Cottons effects remain certain.
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